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1.0 INTRODUCTION 
The Advanced Very High Resolution Radiometer (AVHRR) 
was developed under Contract NAS5-21900. This program 
covered the design, construction, and test o[ a Breadboard 
~odel, Engineering Model, Protoflight Mod~l, Mechanical! 
Structural Model, and a Life Test Model. Special bench test 
and calibration equipment was also developed for use on the 
program. 
The flight Model program objectives under Contract 
NAS5-22497 were to fabricate, assemble and test four of the 
Advanced Very High Resolution R.:ld~ollleters dlong with a bench 
cooler and collimator. In addition, a group of parts known 
,IS "common parts" were procul··~J .:lnd delivered. 
Initially, the instr:-ument was to cpe~·3te from ..l 906 
n.m. orbit <lnd be thermally isolated from the spacecc'Ict. 
The Breadboard Model and the Mechanical/Structural ~odel were 
designed and built to these requirements. During the 
Engineering Model assembly phase, the spacecra(t altitude was 
changed to 450 n.:n., IFOVs and spectLll characteristics were 
modified, and spacecraft interfaces were changed. In ,1dd i-
tion, the final s?acecraft Jesign prOVided a temperatu~c­
controlled Instrument Mounting Platform (I~P) to carry the 
AVHRR and other instruments. The des ign of the AVil:-\H, W.:lS 
loodiEied to these new requirements and the modifications were 
incorporated in the Engineering Model. The Prot~flight MoJel 
and the Flight Models confor~ to this design. 
." 
1.1 General Instrument Descriptio~ 
The AVHRR is a four channel scanning radiometer pro-
viding two channels in the visible-near IR region and two IR 
channels. The instrument utilizes an 8 inch diameter optical 
system. Cross-track ~canning is accomplished by a con-
tinously rotating mirror direct-driven by a hysteresis 
synchronous moto~. The two IR detectors are cooled to 105K 
by a two-stage passive radiant cooler. The data from the 
four channels is simultaneously sampled at a 40 kHz rate and 
converted to 10-bit binary fram within the instrument. 
A summary of the AVHRR characteristics is given in 
Table 1-1. Figure 1-1 is a photograph of the Engineering 
Model instr~ment and Figur~ 1-2 shows the outline con-
figuration of the instrume~t. 
The AVHRR is comprised of five modules which are 
assembled together into a single unit instrument. These 
modules are: 
Scanner Nudule 
Electroni~s Module 
Radiant Cooler Module 
Optical Subsystem 
Baseplate Unit 
These modules are shown in the exploded view of Figure 1-3. 
1.1.1 The Scanner Module 
This module includes the scan motor, the mirror and 
the scan motor housing. The scan motor design is based on 
the motor developed for the. SC·1R, .. an 80 pole hysteresis 
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Table 1-1 Summary of Character'istics 
Ch 1 Ch 2 Ch 3 Ch 4 
Spectral Range ()JM) .58-.68 .725-1.0 10.5-11.5 3.55-3.93 
Detector Silicon Silicon HgCdTe 
,-
InSb 
Resolution (N .M.. ) .59 .59 .59 .59 
IFOV (MR) 1.3 sq. 1.3 sq. 1.3 sq. 1.3 sq. 
SjN @ .5% lUbedo >3:1 >3:1 
NETD @ 300K .12K .12K 
~TF (1 IFOVjSingle 
Bar) .30 .30 .30 .30 
Optics 8 inch diameter afocal cassegrainian telescope 
Scanner - 360 rpm hysteresis synchronous motor wi til berylliu.l11 
scan mirror. 
Cooler - Two-stage radiant cooler, IR det0ctors controlled 
at 105K 
Data Output - 10 bit binary, simultaneous sampling at 40 KHz rate. 
Commands - 28 
Telemetry - l? Digitdl, 20 Analog 
• i 
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synchronous motor. The motor has two power modes of opera-
tion. High power (= 4-5 watts) will be utilized for driving 
the scan mirror in air and low power ( = 3.8w) will be used 
for nominal in-orbit operation. The scanner housing is an 
integral part of the motor and is made of beryllium. The 
scan mirror is also made of beryllium and is =11.6 inches 
across the major axis and 8.25 inches across the minor axis. 
The scan motor rotates the mirror at the,360 RPM to produce a 
conti0uouS scan of the earth scene. The line-to-line jitter 
is less than 17 microseconds. 
1.1. 2 Electronics Module 
The electronics module is in two sections both of 
which bolt on to the instruments inboard side panel. The 
curved box (Reference Figure 1-3) is the motor power supply. 
Twenty-five electronic modules are used to make up the elec-
trical system of the AVHRR. Nineteen of these are located in 
the electronics box. The solar channel preamplifiers for the 
solar channels and IR channel 3 are located in the area of 
the secondary optics. The IR channel 4 preamplifier is loca-
ted on the rear of the radiant cooler housing. 
Except for Channels I, 2 and 4 preamplifiers, all of 
the modules are accessible without the removal of the instru-
ment from the spacecraft. 
The following is a list of the electronics modules: 
1. Power Converter and Switching Regulator 
2. Lo~ics Regulators 
3. + lSV Regulators 
1-7 
4. Command Relay *1 
5. Command Relay #2 
6. Command Relay ~3 
7. Patch Temperat~re Control and T/~ 
8. TIM Board #2 
9. Motor Logics 
10. Scan Count and Decode 
11. Interface Logics #1 
12. In terface Logics # 2 
13. Ramp Calibration Generator 
14. Auxiliary Scan Logics 
15. I~ Post Amplifier 
16. Daylight Post Amplifier 
17. Multiplexer 
18. Black Body MUX logics 
19. A to D Converter 
20. IR Preampl ifier 
2l. Channel 4 Preamplifier 
22. Day light Preamplifier (Ch. 2) 
23. Daylight Preampl i f ier (Ch. 1) 
24. Motor Power Supply 
25. Switching Regulator 
1.1. 3 Radiant Cooler 
The radiant cooler module is made up to four basic 
assemblies. These are (1) the cooler nousing, (2) t:-:e first 
1-8 
stage radiator, (3; tte patch or second stage radiator, and 
(4) the coolec cover. The first stage radiator is configured 
in such a manner as to shade most of its 55.2 inch2 area from 
the earth by the cooler cover when the cover is deployed. A 
"single shot n solenoid actuated, spring driven deployment 
system is used to deploy the cover. Mounted on the patch are 
the two infrared detectors. The patch has a 22.4 
in 2 radiating area. The cooler housing surrounds the cocler 
on all sides except for the radiation area. The housing is 
vacuum sealed so that when the bench cooler is clamped to the 
front of the housing a vac~~m can be pulled on the entire 
cooler and the system permitted to cool as it would in space, 
i.e. radiation to a cold target located in the bench cooler 
(except that the cold target is at liquid nitrogen 
temperature) • 
Multilayer inSUlation therm~lly separates the first 
stage radiator from the housing and the first stage optical 
window is thermally isolated and heated several degrees 
warmer that the 171K radiator temperature. The patch is 
thermally isolated from the first stage by low emissivity 
surfaces (gold to gold) and runs at 95K with no control 
power. During nominal operation the patch temperature will 
be controlled at l05K. 
1.1.4 ~~t ical S ubsys tern 
The optical subsystem was designed lj Ferson Optics, 
a division of Bausch and Lomb, to ITT Specification. (ferson 
1-9 
fabricated the BBM ETM and PTM optics: however, the Flight 
Modt~l Optics are being fabricated by Perkin-Elmer, Costa 
Mesa, California.) The subsystem consists of an afocal 8.0 
inch aperture ttlescope (two coaxial confocal paraboloidal 
mirrors) followed by secondary optics which split the radiant 
input into four discrete spectral bands and focus them onto 
their respective field stops. The spectral bands ar(~: 
Channel 1: 0.58 to 0.68 microns 
Channel ., . 0.72 to 1.05 microns <-. 
Channel 3 : 10.5 to ll.5 microns 
Channel 4: 3.55 to 3.92 microns 
The instantaneous field of view is 1.3 milliradians in all 
channels and is defined by an aperture plate in Channels 1 
and 2 and by the detector active areas in Channels 3 and 4. 
In addition the optical subsystem has been designed to meet 
the total system MTF requirements with the detectors 
registered off axis by as much as 1.5 milliradians in 
Channels 1 and 2 and 1 milliradian in Channels 3 and 4. 
Polarization effects have been minimized «7% in 
Channels land 2) by orienting the polarization sensitive 
elements in a predetermined way, thus having elements compe~ 
sate for other elements. 
1.1. 5 Baseplate unit 
The baseplate unit is tne common structure in which 
all other modules are secured. Dowel pine are used to 
establish and maintain alignment of the scanner and optics 
modules. Alignment of the cooler to the optics is 
established by shims. 
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1 2.0 SYSTEM SENSITIVITY 
2.1 Solar Channels 1 3nd 2 
2.1.1 Detector 
Both solar channels use the same detectors with the 
same operating characteristics as before th~ modifications. 
The detectors used are Infrared Industries, Inc. silicon 
detectors which are operated at -15 volts bias. The device 
has an active area of 0.100 inch square and is packaged in a 
TO-5 can using a metallic hermetic seal. Some of the most 
pertinent characteristics of the device are yiven in Table 
2-1. 
The detector will be used as a current source Eor an 
op-amp preamplifier. In the current-to-voltage transducer 
operating mode, tile combination gives excellent sensitivity 
and frequency response using a 4M ohm feedback resistor as 
the effective detector load. 
The detectors are used as energy collection devices 
bellind the 0.0238 inch square apertures which are the dc[in-
ing field stops for Channels·l and 2. Optical analysis 
showed that using a 0.100 inch square detector active-area at 
an effective optical distance of 0.146 inch bellind tha field 
stop, resulted in a well over 99% of the rays, which passed 
through the field stop, being collected by the detectors of 
both channels. 
2-1 
Table 2-1 Solar Channel Detector Characteristics 
Type 
~t.lnuf acturer 
Active Area Size 
Bias 
Spectral Peak: 
Responsivity - Peak 
Responsivity - Ch I Avg. 
Responsivity - Ch 2 Avg. 
Le~k.lge Current at -15 V 
Capacitance .It -15 V 
Passivated, Planar Diffused 
Silicon Pin Photodiode 
Infrared Industries, Inc. 
0.100 Inch Square 
-15 Volts 
900 + 50 nmeters 
0.62 Amp;Watt 
0.54 Amp/Watt 
17 Namp ~tax imum 
15 pf M.lximum 
T.lble 2-2 Responsivity Versus Temperature for Detector SN7 
Responsivitl' (Ampsji'iatt) 
-IOOC +22 o C +50oC 
4415 0.14 0.14 0.13 
50 13 C.28 0.27 0.27 
5560 0.40 0.40 0.40 
6000 a .41 0.43 0.42 
6505 0.50 0.50 o .51 
7010 0.59 0.57 0.59 
H92 0.63 0.63 0.65 
8011 0.72 0.74 0.76 
8500 0.76 0.79 0.82 
9000 0.73 0.78 o. t3 1 
2-2 
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~ Table! 2-2 Responsivity Versus Temperature for Detector SN7 (Cont'd) 
"-
Havelength (Ao) Responsivity (Amps/Watt) 
-10°C +22oC +50 o C 
.------. 
9500 0.70 0.79 0.87 
10148 0.43 0.58 0.74 
10612 0.14 0.24 0.39 
1l.014 0.06 0.10 0.18 
11512 0.01 0.02 0.05 
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2.1.2 Detector Responsivity Versus Temperature 
The qu~stion was raised early in the AVHRR program as 
~o the effect of temperature upon the reqponsivity of the 
silicon detectors. Infrared Industries ran spectral response 
versus temperature data on .one of the. delivered units. The 
measured data is of historical interest only since the latest 
predictions indicate a maximum detector operating temperature 
of about 24 0 C. The data is shown in Table 2-2. 
The AVHRR temperature is more controlled by the 
SPACECRAFT TCE and the maximum operating temperature is 
within a few degrees of the nominal detector test temperature 
cf +24 0 C • The maximum overall temperature change under 
various operating conditions is about 100C. The detector 
responsivity changes are insignificant over so small an 
excursion and so the AVHRR output will not sensibly change 
due to detector temperature variations. 
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2.1.3 Solar Channels System Sensitivity 
For channels 1 & 2, the signal to noise ratio, SIN, is 
given by 
where \~ t:,).., = 
<t>~).., 
SIN = a. NEP 
solar spectral flux incident on the detector 
a = degradation factor due to electronic nois~ 
pickup, l/f noise, etc. 
NEP = effective detector Noise Equivalent Power 
.p~).., is given by 
= 
where I2.)", = solar spectral irradiance in the spectral band 
incident on the Earth's atmosphere 
T = transmission of optical system 
Ps = scene spectral albedo 
D 
0 
diameter of the collection aperture 
El = instantaneous field of view 
The NEP is 
NEP 
where i 
s 
shot ncise current due to signal flux on the detector 
id = photodiode leakage current noise. 
i l = load resistor Johnson noise current 
R = detector responsivity in ampere/watt 
Using Thekaekara's Tables we find that the total solar 
irradiance incident. on the atmosphere in channels 1 and 2 (weighted 
I 
by the relative response in each band) is: 
]"1 4.24 10-2 w/cm 2 
',n = x 
J2 3.00 10-2 w/cm 2 
·ll.\ = x 
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i 
'... 
This is the solar power in the 0.50 to 0.91 micron region (channel 
1) and the 0.71 to 1.10 micron region of channel 2. 
2.1.3.1 System Transmission 
The elements affecting the system transmission can be 
divided into two broad categories, those that are spectrally 
variant and those that are not. The elements that are variant 
are the scan, telescope, and folding mirrors, and the gold 1ichroic 
beamsplitter. These elements are analysed in the section defining 
the spectral response. Also analyzed are the bandpass filters 
and detE!ctors; however, for SIN purposes, it is assumed that the 
bandpass filters are invariant across the band ana that the detector 
has an average responsivity in the spectral band of interest. 
Table 2-3 gives the spectral efficiencies of the mirrors 
and gold dichroic used in these calculations. These are measured 
PTH values and represent expected flight model values. Combining 
the three mirror reflections and gold dichroic transmission for 
Channell gives an average transmittance of 0.60 for this channel. 
Doing likewise for channel 2 (with one more mirror reflectance) 
gives 0.43. These are the tr3nsmissions through the spectrally 
variant elements only. 
'l~he elements which can be considered spectrally invariant 
are the inconel beamsplitter ser~rating channel land 2, the relay 
lenses in each channel, and each bandpass filter (th~ filter has a 
relatively flat response across each band). In addition the 
obscuration caused by the secondary mirror and its support must be 
considered. The values used in calculating the transmissions are 
also shown in Table 2-3. There are three relay lenses in each 
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Table 2-3 Optical Efficiency of AVHRR Elements 
(PTM r1easured) 
SPECTRALLY INVARIANT ELEMENTS 
K~~lectivity of Inconel beamsplitter = .225 
'rransmi ttance of Inconel beamspli tter = .375 
Transmittance of Chan. 1 filters = 0.85 
Transmittance of Chan. 2 Filter = 0.90 
Telescope Obscuration = 0.94 
Lens Transmittance = 0.95 
SPECTR~~LY VARIANT ELEMENTS 
CH 2 
SPECTRAL SCAN TELESCOPE FOLDING GOLD 
POINT MIRROR MIRROR MIRROR DICHROIC 
.MICRON REFLECTIVITY REFLECTIVITY REFLECTIVITY TRANSMISSION 
0.50 .92 .88 7·' • :J 
0.55 .93 .92 .772 
0.60 .925 .93 .80 
0.65 .92 .93 .81 
0.70 .90 .93 .84 .81 
0.75 .90 .93 .81 .79 
0.80 .88 .92 .79 .765 
0.85 .875 .915 .79 .73 
0.90 
. 8~. .93 .80 .69 
0.95 .89 .935 .815 .642 
1. 00 .89 .93 .825 .59 
1. 05 .89 .93 .835 .56 
1.10 .885 .925 .845 .54 
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channel so that the combined transmission for the invariant 
l elements is 0.154 for channell and 0.272 for channel 2. Combining , 
these with the values for the variant elements gives: 
= 0.092 
= 0.117 
for the expected total system transmission for each channel. 
Allowing a degradation factor for dirt, dust, etc. on each element, 
will result in, perhaps, a more realistic overall sytem trans-
mission. It is reasonable that lens surfaces sealed from ambient 
will not markedly degrade. For sensitivity calculatio~s assume 
that each channel will suffer a 50% degradation overall thus 
= .046 
= .058 
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2.1.3.2 Detector NEP 
The Solar Channel detector has a peak responsivity (ampere/watt) 
of ai: least 0.62. The average responsivity across the channell spec-
tral band is 0.37 ampere/watt while that in channel 2 is 0.54 ampere/ 
watt. 
Several factors contribute to the noise. The shot noise due to 
the detector dark current, the shot noise due to the detector scene 
generated current, and the Johnson noise in the preamplifier feedback 
resistor are the major noise sources. l/f noise is negligible across 
the 14.5 KHz bandpass of the electronic filter. Contribution of pre-
amplifier transistor noise is also very small compared to the above 
sources and so can be ignored. 
Both channels use a 4 megohm feedback resistance in the pre-
amplifier so that the Johnson noise at a 300K temperature over a 
14.5 KHz bandwidth is 7.75 x 10-12 ampere. The detector dark current 
is 17 nanoamperes maximum in each channel giving a dark current noise 
of: 
= = (2 E: Id L\f) 1/2 -12 = 8.88 x 10 ampere 
The signal shot noise under minimum signal condition is based 
on the current flowing in the detector under that illumination. The 
minimum signal flux is calculated later to be 1.68 x 10-9 watt in 
channell and 1.43 x 10-9 watt in channel 2. The minimum DC current 
out of the detectors then is 6.22 x 10-10 amp and 7.72 x 10-10 amp 
for channels 1 and 2. The shot noise then is 
.1 1. 70 10-12 ~s = x amp rms 
i 2 = 1. 89 x 10-12 amp rms s 
The total noise current in channel 1 is: 
= 
1/2 
(7.75)2 + (8.88)2 + (1.70)2) x 10-12 
iTl 
similarly for channel 2 
= 
-11 1.19 x 10 amp 
-11 l.19 x 10 amp 
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The noise is essentially the same in both channels due 
to the predominance of it and ide 
A degradation factor a is included in the calculation. This 
accounts for stray noises as well as degradations in operation of 
thl: system. For this analysis a degradation factor of 1.6 based 
on the measured BBM and ETM values was used. 
The ~etector NEP then is 
1.19 10-11 3.22 -11 NEP l = x = x 10 watt 
0.37 
NEP 2 2 1.19 
10-11 -11 x = 2~20 x 10 watt 
0.54 
2.1~3.3 Signal to Noise Ratio Calculation 
Using the equation previously given and assuming a minimum 
sCI:ne as described in the AVHRR specification (p = 0.5%), a col-
s 
1ection aperture of 8.0 inches, and an IFOV of 1.31 milliradians, 
we have 
= 1. 73 x 10-9 watt 
= 1. 54 x 10- 9 watt 
and so 
SiN = <PL\A 
aNEP 
S/Nl = 1. 73 x 
10-9 
1.6 x 3.22 x 10-11 = 33:1 
S/N 2 = 1. 54 x 10-
9 
1.6 x 2.20 x 10-11 44:1 
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Table 2-4 Solar Channel Sensitivity 
System Transmission (Degraded) 
Dei:ector Responsi vi ty 
Detector NEP (25°C) 
SIN Ratio at Minimum 
Albedo (25°C) 
Specified Minimum Signal 
to Noise Ratio 
CH 
0.046 
0.37 
3.22 
33:l-
3:1 
1 
A/W 
x 10-11 W 
CH 2 
0.058 
0.54 A/W' 
2.20 x 10-11 W 
44:1 
3:1 
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2.1.3.4 Sensitivity vs Temperature 
~ The foregoing calculation is based on a detector dark 
current of 17 nanoamps. This is true at 2SoC. At higher 
temperatures, the detector dark current (and the load Johnson 
noise to some extent) increases, thus increasing the noise and 
increasing the detector NEP. Based on data from the manufacturer 
and the results of the thermal math model which indicates very 
little variation in detector temperature, the signal to noise 
ratio for the solar channels will not perceptibly change in 
operation. 
2.2 Channel 3 Detector and Sensitivity ~~~~~~~~~~~~~~~~~~
2.2.1 Mercury-Cadrnium-Telluride .Detector 
The mercury-caci!llium-telluride detector is optimized for 
best sensitivity between 10.5 and 11.5 ~m wavelengths when cocled 
to ~Q5 Kelvin by the radiant cooler. The important characteristics 
of the detector are summarized in Table 2.2-1. 
The Hg Cd Te element is mounted in a small metal enclosure 
shown in ITT-A/GO Figure 2.2-1. The aplanat lens is bonded di=ect~y 
to the metal enclosure and also serves as the wIndow through which 
the optical beam passes. The alignment and spacing of the aplanat 
lens with respect to the sensing element is accurately maintai~ed 
with this arrangement. The datector i5 tested by the manufacturer 
both befqre and after attachment of j:he lens to assure a quali:ied 
unit. The internal volume is filled with an inert gas and then 
sealed by the manufacturer. The detectors are inspected both 
before and after lens attachment by an ITT-A/OD Quality Control 
representative who also witnesses the important acceptance tests 
at the manufacturer's plant. 
2-2.2 
, . 
MERCURY -CADMIUM-TELLURIDE DETECTOR 
ITEM 
SpE~ctral Band 
Width of Sq. Sensitive Area 
Op,=rating & Spec. Temperature 
F'ield of View, Min. 
Mi:nimum Resistance 
Max. Bias Power 
Avg. D* In Spectral Band At 
105K, 2KHZ, 100 0 FOV, 
1.2 M.vl., 1 HZ 
Avg. Spectral Responsivity, Min. 
Ma.x. Change in Responsivity 
Pex Kelvin at 105 Kelvin 
Long Wavelength Response 
Ti.me Constant 
Spatial Responsivity Uniformity 
Ilf Knee F:::equency 
CHA~~EL 3 
10.5-11.5 llm 
0.0068 ±. 0.0004" 
105 Kelvin 
1000 
10 Ohms 
1.2M.W. 
2.0 x 10 10 
5 500, Volts 
, Wdtt 
5% 
CMHZ 1/2 
Watt 
<1% at 18 llm 
<1 ).lS 
<2 to 1 
<1 KHz 
Table 2.2-1 HgCdTe Detector Charac~~~istics 
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The size of the sensitive area is determined by the 
effective focal length (EFL) of the optical system and the 
instantaneous field of view (IFOV), which is obtained from the 
specified resolution. They are ralated by the equation 
w = 0 x E.F.L. 
where w edge width of square sensitive area 
o = angular width of square IFOV 
For Channel 3, EFL is 132.3 mm (= 5.209 inches) and 0 = 
1.31 milliradians which gives w equal to 0.0068 inch. A tolerance 
of ± 0.0004 inch has been established as being a reasonable 
amount consistent with detector fabrication capabilities and size 
of the IFOV. In the electrode-to-electrode direction, the length 
of the sensing element will be slightly greater (by 0.0005 inch) 
to compensate for electrode end effects where the detector 
normally has very little response. 
A uniformity specification has been incorporated into the 
detector specification in order tn minimize non-uniformity of 
response across the sensitive area. A total of nine equally spaced 
readings arranged in a 3 by 3 grid will be taken across the sensitive 
area and all readings must be equal to or greater than 50% of the 
largest reading. The diameter of the test spot is about 0.0015 
inch and the readings are spaced by 0.002 inch; the measurements 
will be made on a standard "spot scan" test station by the manufacturer. 
Acceptance tests are based on measurements made at the antici-
pated operating temperature of 105 Kelvin. Measurements are 
made at 90, 95, 100, 110, 115 and 120 Kelvin in the event that the 
cooler must be operated at the backup temperature of 107 Kelvin or 
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a cooler malfunction clccurs. Details of what measurements are 
made at the different temperatures are given in the procurement 
specification for the detector. 
2.2.2 ~hannel 3 Sensitivity 
System sensitivity in the infrared channels (numbers 3 and 
4) is expressed in terms of the noise-equivalent-temperature dif-
ference, NE~T (NETD). The NETD is the difference in temperature 
between two targets (~everal times larger than the instantaneous 
field of view) which is required to produce a change in signal 
vol tagel equal to the rms noise of the radiometer. The equation 
used to calculata the NETD is given in Table 2.2-3, which also 
defines the various; parameters used in the equation. The de-
gradation factor, Ct, and the optical f-number have been made as 
small as feasible whereas factors in the denominator of the NETD 
equation have been maximized as much as possible. The detector 
detectivity is the highest available from any vendor for the 
spectral bands, operating temperature, field of view, etc. imposed 
by instrument requirements. The field of view, element dwell time 
(or electrical bandwidth) and change in scene radiance are all set 
by ins'trument performance specifications. We will discuss in this 
section only the degradation factor and the opt~cal transmission 
since additional information on the other factors are given in 
the Optical Section (3.0) of this report. 
The degradation factor, Ct, consists of two factors for 
the case under consideration, that due to l/f noise from the 
infrared detector, a~j a second factor to account for some ad-
ditional electronic noise. Diffraction effects are negligible 
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NET:D = 
Ct ::I 
fn = 
Do = 
D* = M 
1" = 
e = 
td = 
EdNj d']~ T 
2 .y-:;' Ct f n 
NETD = 
Noise Equ~valent Temperature Difference 
Degradation Factor Including llf Detector Noise 
Optical F-number 
Diameter of Optical Entrance ]\.perture 
Average detector detectivity in spectral band 
at the measuring frequency 
Transmission of optics including obscuration 
effects 
Angular width of square instantaneous field of 
view 
1 Elemental dwell time (= 2~f where ufo is the 
3 db bandwidth of presamplingOfilter) 
Change :.n scene radiance for small temperature 
change at temperature T 
Table 2.2-3 Noise Equivalent Temperature Difference Equation 
(Channel 3) 
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f 
c 
f 
u 
f, 
, 
ITEM 
.)(l/f 
= 
= 
= 
~EGR;nATION FACTOR (a) 
= • 2.n ~ ;~j ] 1/2 
frequency where l/f detector noise power equals 
G-R white noise 
upper cutoff frequency of the system 
lower cutoff frequency of the system 
< 1 KHz 
f 2. _. 1 Hz 
f -- 14.5 KHz 
u 
CHA.~NEL 3 
1. 29 
eL 2 (See text:) 1.4 
CLtotal 1.8 
Table 2. 2:-4 D.eg~adation F.actor 
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AVHRR OPTICAL TRANSMISSION 
Item Description 
Scan Mirror 
Telescope Mirrors (2 @ 0.97 Ea) 
Transp. Gold B.S. (Dl) 
Folding Mirror (M3) 
Ge Focus Lens (Ll) 
Ch 3 (2 @ • 905 ) 
Ch 4 (2 @ • 9 20 ) 
Irtran II ~'lindows Inner 
Out.er 
Infrared Dichroic (D2) 
(OCLI Guaranteed Hinimmn) 
Ge Aplanat Lens (L2, L3) 
Bandpass Filters (F4) 
Telescope Obscuration 
System Transmission 
(Product of Above) 
Reflectance 
Channel 3 
0.95 
0.94 
0.88 
0.96 
0.819 
0.92 
0.B2 
0.81 (T) 
0.94 
0.94 
0.333 
Values Given Above Are Measured PTM Values. 
or Transmittance 
Channel 4 
0.95 
0.90 
0.82 
0.95 
0.846 
0.95 
0.95 
0.92 (R) 
0.94 
0.80 
0.94 
0.331 
Table 2.2-5 Optical Transmission For Channels 3 and 4 
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since we are considering scenes which are several times larger 
than an IFOV. The equation and parameters used to calculate 
the deqradation factors are given in Table 2.2-4. The degradation 
factor for the electronic noise has been calcul~ted by determining 
the noise voltage level from the infrared detector and from measure-
ments l:::ln the BBM and ETM. 
The apparent electronic pick up was some,,,hat higher on 
the ETM than expected. The apparent, (l2" on the ETM was about 
1.6 and the total degradation factor (IT was about 2.1. Several 
areas of potential pickup were redesigned on the PTM and a lower 
(l2 is expected. A value for (l2 of 1.4 and a total (l of 1.8 see~s 
reasonably conservative. 
The optical t=ansmission, ~, was determined from the 
measured transmi t1:ance or reflectance value for each optical com-
ponent: in the PTM optical system. The vcllue for each component 
is listed in Table 2.2-5 for both Channels 3 and 4. Assuming 
some optical degradation as in the solar chann'els we assign a value 0 
= .20 
= .20 
for use in the sensitivity calculations. 
Table 2.2-6 gives the parClmeters u3ed and the calculated NE~T. 
As shown, the spec. value will be achieved. 
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2.3 Channel 4 
2.3.1 Detector 
The detector chosen for use in the channel 4 (3.55 to 3.93 
microns) is a photovoltaic indium antimonide photodiode built by 
Cincinnati Electronics Corp. The detector has a 0.007 inch square 
active area anc:i is used in a configuration identical to the silicon 
detectors of channels I and 2. That is, it is a current source to 
an amplifier used as a current to voltage amplifier with a 16.4 M ohm 
feedback resistance. The detector is mc)unted in a Kovar housing 
like the channel 3 detector with the aplanat forming a hermetic seal. 
Photovoltaic InSb has better noise characteristics with a 
small amount of l=everse bias; therefore f a bias on the order of 
-30 millivolts is used. The exact bias is determined by 
C.E.C. cluring acceptance testing of the photodiodes. The method 
used for bias generation and control is discussed in the section of 
the E!lectronics describing the channel 4 preamplifier. Table 2.3-1 
summalrizes the channel 4 detector parameters. 
2.3.2 Channel 4 Sensitivity 
'I'he sensitivity of the InSb photodiode is specified in 
terms of its quantum efficiency, n, and its noise output for a 
given thermal background irradiance. Since noise sources external 
to the detector-amplifier system are Significant (i.e., backqround 
flux and signal shot noise), this concept is most applicable. The 
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use ()f D* implies a situation where system and detector noise 
are t.he limiting factors. 
The following analysis determines the sensitivity of the 
system in terms of the detector output current for both the noise 
sources and the NE~T. The inital section determines the system 
noiSe. Following that are sections which define the detector 
output for the NE~T, effects of an albedo signal in this spectral 
region, and postamp gain and digitizer effects on the system 
sensitivity. 
2.3.2.1 System Noise 
For Channel 4 there are four noise sources. These are: 
1. Background flu~ noise 
2. Preamp noise 
3. Signal shot noise 
4. Stray pickup 
These are discussed separately below. The stray pickup is handled 
as a degradation to the total noise. 
In the nominal 3.55 to 3.93 micron band, a 300K background 
scene causes a signal current out of the detector given by: 
K = 
n = 
q 
A = 
= 
= K A.q n QB 
optical filtering factor 
quantum efficiency (average in band) 
1. 6 x: 10-19 
-4 2 detector area - 2.98 x: 10 cm 
background photon flux 
This assumes that the filter is cold and mounted on the -detector. 
The o~tical filterin~ facto~ accounts for the fact thit ~hen the 
detector is mounted in the system on Gl cold patch, the incidence 
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Table 2.3-1 Channel 4 Detector Parameters 
Spectral Band 
Type of Detector Source 
Operating Temperature 
Operating Mode 
Sensitive Ar.ea 
Quantum Efficiency in 
Spect.ral Band 
Background Noise Level 
Bias Voltage 
Preamp Gain 
3.55 to 3.93 Micron 
Indium Anti~onide 
Cincinnati Electronics 
10SK 
Photovoltaic 
0.007" Square 
0.75 Minimum 
Maximum 10% over Theoretical 
Level 
'V 30 mvolts 
16 x 106 
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angle, 0, of the background is limited by the cooler windows and 
reduced by the transmissions of the inner window (T ), the band-
w 
pass filter (Tp )' and the aplanat (T a ). 
K = T . 2 0 F .Tw Ta ~S1n- Eq. 2 
For = = = .85 and e ~ 
K = 1. 80 ster 
Por a 300K scene, the photon flux, QB' in the nominal 
spectral band is 3.22 x 1014 photon cm-2 ster-1 sec- l . Using 
n = 0.75, we have 
I = 2.07 x 10-8 amp bs 
The noise in this background signal is given by: 
ib = V2Q Ibs f).f Eq. 3 
The bandiwdth, 6f, is 14.5 KHz and so 
ib = 9.80 x 10-
12 
amp rrns. 
The second noise source (the preamp) really consists of 
two sources. The input transistor contributes noise as does the 
feedback resistance which contributes Johnson noise. Noise data 
was measured by G.E. Sonnek on a preamp similar to that required for 
Channel 4. His measured data indicated that with a 16 Mohm feed-
back a total rrns preamp noise of 4.42 x 10-12 amp is obtained in 
a 14.5 KHz bandwidth. 
The third noise source, the signal shot noise, depends 
on signal level. Since the NEf).T spec is at 300K, this is the scene 
level of interest. The maximum scene to be viewed is a 320K scene. 
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The detector output current due te) the scene is given by: 
I =. N T R" Eq. 4 s s 
where Ns = scene radiance 
T = system thruput 
R" = detector responsivity (amp/watt) 
The system thruput T is given by: 
T Eq. 5 
where A = collecting an~a 
n = solid angle of view 
T = system transmission 
For AVHRR, A is 
therefore, T is 
324 em2 , n is 1.72 x 10-6 ster, T is about 0.33; 
-4 2 1.83 x 10 em s·ter. Using the minimum specified 
quantum efficiency of 0.75 gives a R" of 2.26 amp/watt. The rad~anc 
··5 2 
of a 300K scene in the nominal spectral band is 1.70 x 10 w/cm 
ster. The detector output then, with no albedo contribution, us~~g 
equation 4, is: 
Is = 7.03 x 10-
9 
amp 
The rms noise, is, is 
is = 5.71 x 10-
12 
amp rms 
The last source, stray pickup is a source which is minimized 
by design, but never entirely eliminated. We will assume a 1.60 
degradation in the TOTAL system noise performance since ETM and PTM 
noise degradation appeared to be less in this channel than in 
channel 3. This includes a 4% l/f noise contribution. The total 
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noise current, i , under these conditions is: 
n 
= 1. 6 [(9. 80) 2 = ( 4 . 42 ) 2 + (5. 71) J ~ x 10-12 amp 
= 1.95 x 10-11 amp rms. 
2.3.2.2 System Output for NEt.T 
Eq. 6 
The detector output caused by a 0.12K scene change at 300K 
is determined as follows. Using the Lowan & Blanch "Tables of 
Plancke Radiation and Photon Functions", we find that the photon 
14 2-1 flux of 30lK scene in our band is 3.36 x 10 photons ern - ste'r 
-1 14 
sec For a 300K scene it is 3.22 x 10 . The change in flux 
due to a 1.0K temperature change in the scene is then 1.37 x 1013 
photon cm- 2 ster-l sec-l K- l . For a 0.12K NE~T, the Noise Equivalect 
Photon Flux is: 
NEF 12 -2 -1 -1 1.64 x 10 photon cm ster sec 
The noise equivalent flux on the detector is simply: 
'r . NEF 
= 1.83 x 10
8 photon sec-l 
The detector output current change caused by the scene temperature 
change is: 
= n q (NEF D) 
= 
-11 2.19 x 10 amp 
By definition the NE~T of the system is the ~T which causes 
a INEF equal to the total system rms noise in' This analysis then 
indicates that with the nominal spectral band, an NE~T of O.12K is 
achievable with a SIN ratio of 
(SIN) 4 = 2.14 x 10-11 
1.95 x 10-11 
= 1.12:1 
The effective NE~T is expected to be .107K as shown in Table 2.3-2 
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Table 2.3-2 
Collection Optics 
System Transmission 
IFOV 
Bandwidth 
Background Temp 
Degradation Factor 
Quantum Efficiency 
Specified NElIT 
Calculated NElIT 
Channel 4 Sensitivity Parameters 
8.00" Diameter 
0.20 
1. 3 rnrad 
14.5 KHz 
300K 
1.6 
0.75 
0.12K at 300K 
0.J.07K at 300K 
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2.3.2 .. 3 Albedo Radiance 
In this spectral channel, the sunlight reflected from 
the Earth Scene contributes to the total scene radiance. Using 
Thekaekara's table of solar irradiance we find that a 1.0 albedo 
scene at noon at the subsatellite point has a reflected radiance 
in the nominal spectral band of 1.06 x io-4 w/cm2 ster. According 
to NASA personnel, the maximum actual albedo of a scene in this 
band is about 0.10. Further, since the spacecraft is never over 
a noon nadir, this value of reflected radiance is reduced by sin 
670 (which is the maximum orbit normal to sun angle). These factors 
make the maximum reflected solar radiance 9.76 x 10-6 w/cm2 ster. 
If WE! assume no a.tmospheric attenuation, this is the albedo 
contribution on the day side of the orbit. 
The maximlun scene temperature is specified as 320K. The 
spectral radiance of this scene is 3.76 x 10-5 w/cm2 ster. The 
albedo radiance is then about 25% of the maximum thermal radiance, 
and the total scene radiance for a daylight 320K scene is 4.74 
x 10.-5 w/cm2 ster, if the maximum albedo is 0.10 in this band. 
2.3.2.4 Post Amp Gain and Digitizer Effects 
The post amp gain is determined by the output voltage 
range and the maximum scene radiance level. As discussed previously, 
the maximum scene radiance for a 320K scene is 3.76 x 10- 5 
w/cm2 ster. Thi.s causes a detector output of 2.04 x 10-8 amp 
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4{ (using ~!quation 4). With a 16 MohIn feedbac:k, the preamp output 
, 
is a 0.326 volts. If 5.9 volts represents the output voltage swing 
for a fllll to zero radiance change, then the post-amp gain must 
be 18.l. 
Since the A-D 60nverter digitizes to 10 bits (1024 levels). 
each level corresponds to: 
6.39375 
1823 
= 6 • 25m vol ts 
-11 The detector current change caused by the NEAT is 2.19 x 10 
amp. At: the digitizer input this is: 
-11 6 2.19 x 10 . x 16 x 10, x 18.7 =' 6.5 m volts 
Thus each data bit will be about the same as the estimated 
noise level of this channel. 
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3.0 
3.1 
OPTICAL DESIGN 
General Description 
The optical configuration of the AVHRR is shown in Figure 3.1-1 
(the rotating scan mirror is not illustrated for simplicity). The. 
energy from the scene is collected by an ~.O inch diameter clear 
aperture afocal telescope, the primary mirror being the entrance 
aperture. In the afocal design, the secondary mirror recollimates 
an incoming collimated beam with the angular spread of the exit beam 
being increased over that of the input beam by the ratio of diameters 
of the input to the exit beams. 
Dichroic No. 1 transmits Channels 1 and 2 (solar channels) and 
reflects Channels 3 and 4 (infrared channels). The latter two chan-
nels a.re then partially focused by a germanium lens doublet (LI) 
which is axially adjustable for focusing, The beam passes through 
a window on the cooler housing and a window on the gold box (or low 
emissivity shield), the windows being USE!d to provide a vacuum seal 
for bench testing the cooler and to prevent moisture from the multi-
layer getting onto a 105 Kelvin patch-detector assembly respectively. 
Channels 3 and 4 are separated by dich~oic No. 2 which is mounted 
on the patch along with the detectors, bandpass filters and aplanat 
lenses (L2 and L3). Dichroic D2 is actually the Channel 3 ba~dpass 
fll ter designed for the 45 0 incide'nt beam and is used also as the 
dichroic since it reflects the Channel 4 energy. The bandpass filters 
are multilayer interference type filters which provide the spectral 
response required by the AVHRR specification. Hounting of the two 
infrared detectors and dichroic No. 2 in a precision-machine mountinq 
structure simplifies registration of these two channels to each other. 
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The beam which is transmitted by dichroic No. I is sub-
sequently separated by beamsplitter D3 which reflects Channel 1 
and transmits Channel 2. Mirror M4 and beamsplitter D3 are used 
to minimize polarization. Elements FI and F2 are the spectral 
shaping filters for Channels I and 2 respectively; they both have 
flat faces on both sides and produce no focusing effect since they 
are in the collimated beam from the telescope. Lens assemblies L4 
and L5 are re-focusing elements \oJhich form an image of the scene 
at the "field stop aperture- (i.e. an aperture plate located in 
the final focal plane of the system which c:ontair.s an opening that 
determines the field of view for these two channels). The ener.gy 
which passes through the aperture opening is then detected by 
silicon detectors are mounted in TO-5 housing with a flat glass 
window hermetically sealed to the housing) , 
The optical performance requirements are summarized in Table 
3.1-1. In addition to the instantaneous field of view (IFOV) require-
ment, I'l'T imposed a larger, extended FOV on the optical subcontractor. 
That is, the optical system is designed so that the minimum MTF values 
given in Table 3.1-1 are obtained over a larger field of view than 
would be required by the IFOV. The reason for this is so that the 
detectors can ~e movedindividu~liy in their respective focal planes 
in order to register all channels simultaneously without losing MTF 
performance. In Channels 3 and 4, only the focus lens assembly Ll 
is designed for the EFOV since Channel 3 will be used as the reference 
channel (i.e. it will be located on the optical axis and the other 
detectors will be adjusted until aligned with it). Since the tele-
scope operates over all four. channels , it must cover the EFOV in al.l 
channels. The spatial frequencies listed in Table 3.1-1 correspond 
3- 3 
to the subsatellite target sizes given in the AVHRR specification, 
i. e., 3aS cycles/radian corresponds to a 0.59 nautical mile ground 
target, etc. A complete detailed description of the optical sub-
assembly requirements is given to ITT-A/OD Spec. No. 8007907. A 
more det.ailed description of the optical system and components and 
the calculated performance is given in the following sections. 
The initial design and fabrication of the development models 
ot AVHRR (BBH, ETM, PTM) was perform~d by FE~rs6n Optics Div. of 
Bausch and Lomb. The Flight Model optics are being obtained from 
Perkin Elmer, Costa Mesa, California. 
3.2 Scan Mirror 
The scan mirror configuration is shown in Figure 3.2-1 (ITT-
A/OD DW9. No. 8007928). It is made using a waffle or egg-crate 
construction to reduce ~eight while maintaining rigidity. The basic 
material is HP21 beryllium with a precision elastic limit of 4000 
PSI minimum. After machining of the blank it is electroless nickel 
plated to provide a good polishing surface. After polishing to the 
specified flatness, the flat surface is aluminized and overcoated 
to give a high reflectance in all four spectral channels. The back 
surface is gold plat:ed for. thermal reasons. The scan mir.ror is 
mounted to the drivE~ motor shaft and dynamically balanced as described 
in Section 4.0. Th~ scan mirrors are being procured from Applied 
Optics Center, Burlington, Massachusetts. 
3.3 Tj~lescope Des~ 
The telescope assembly is shown in Fi".'ure 3.3-1 (ITT Drawing 
18009383). The telescope collects energy fr~m an infinitely distant 
source (Le., the earth) that subtenus a solid angle of one IFOV 
which is located within the extended FOV. The diameter of the 
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OPTICAL PERFORMANCE REQUIREMENTS 
CJ:Ll QL2 lli3. CJ:L.!! 
INSTANTANEOUS F .O.V ."EDG~ 1.31 M.R. 1.31 M.R. 1.31 M.R. 1.31 M.R. OF SQ 
SPECTRAL BAND (urn) 0.58-0.68 0.725-1.1 10.5-11.5 3.55-3.93 
EDGE. WIDTH OF SQ. FIELD STOP 0.0238/1 O.0238'u 0.0068" 0.0068" 
* * EXTENDED FOV (RADIUS) 1.1 M.R. 1.1 M.R. 2.2 M.R. 2.2 M.R. 
'fELESCCPE--AFOCAL CASSEGRAIN (TWO COAXIAL, CONFOCAL PARABOLOIDS) 
TELESCOPE PRIMARY MIRROR--APERTURE STOP & ENTRANCE PUPIL 
DIAMETER ~ ENTRANCE PUPIL 8.00 ± 0.01 INCHES 
OIAMETER OF EXIT, AXIAL TELESCOPE BUNDLE 1.00 INCH 
MAX. SECONDARY OBSCURATION (INC. BAFFLE) 2.00 INCHES 
SPATIAL FREQUENCY CYCLES MINIMUM SYSTEM MoT,F, 
_________ .... R>UA ..... D1 ...... A ...,.N 
(ALL CHANNELS) 
19 
257 
385 
TELESCOPE MIRROR MATERIAL 
CHANNEL REGISTRATION 
* ApPLI ES TO FOCUS LENS ONLY, 
**DESIGN GOAL MTF IS 90% 
0.96 0.96 0.96 
0.91 0.93 0.90 
0.96 
0.91 
n.88** 0.90 0.86**0.88** 
(OWENS-ILLINOIS) "CERVIT# 
SAME AS NASA/GSFC SPEC. 
Table 31 1-1 - Summary of optics Requirements 
3-5 
.. r 
" 
, 
. ' ; . i· . .;;', 
i r-----:~ i . ----:.;.-. ~~--- ---
I i 
--------
/ 
\ 
\ 
\ 
I 
3-6 
o--i 
I 
N 
·1 
! 
i 
o 
c 
I 
A 
• 
A/or<!'s: 
7 
,:-~,yr/~r p~",.V </~'. /$'. ' . .y'.-... , __ '4 ,~'';' J:J,.-. ...,/ r r.4 __ '--"/, J_:_ .... ,. 
~. ~~,/tS"..,..AI-+'V /~~r ,J."r~ 4, /~;'/J1.7eN' r"'O'_'-:£.IU~[ ,. . .)L'''I'1£ .'~'" lo .... " to e,"L!-4'" ~':I" "J •. k~h. 
:J :4n Ot lIt. .... 0 10 ~l Ul ltW:M,,..E.D v.J .... ~ .... UC. ....... ENT 
i, • t,al'1 t u""" t<t ~O. ,llfw'l (., 1:-. eE vi. .,l2 .... ,~(D r.. .... I1 ...... "I...c:.. ... t .... lu,. 
" 
" I-
,/1 
, 
. " /. 
l 
I 
JQJI. 
- ----:-,::y------ '--
, 
'/ 
h '_ l~ {j/~, "\\-~\~- . -~\l,r-
~,,--,"--,~L 
J 
-. 
w 
I 
-...J 
.. 
\. 
\ 
~o~o=:1}! 
II 
II 
I' 
I. 
o(!'y 
,y 
rD 
I I 
. I 
I 
i 
CD 
---If l_ 
o 
®------
","'I, 
il 
'! i 
'i I 
, i 
I III 
Ii ilk;' ~I 
/ 
l!-~(0 
5 
~ l 
~~ 
~ Ii I 
" 
''0 
1--
"'.Qo·l~S 
;. :;::~"::':":~~~ .• ;:!04;·:;'i,· »~ 
.~ .. -..t.'t .. to,'" "".0-.1,.: ' •• ~S ~ • 
£ ~f~·:~~.T~'~~;;i,~~~a~ , .. u nu;. 
o 
c 
(:) o 
I 
(I) 
.. -
c-
"~;': -.-:.:-;.,.:'.... ~"''''''' ( ..... ~! ~~~) . -~ 
(;- -(kH teo "'tel 2 ~4"'2 !.~ .... 't ("I.."".~U"f Pll()('.!.~~ __ 
"..., »~,,:~.:"-~ "'t>o., ~\,,' "'.IJ~ TUa",1. 
~ .. I' -:;:~;~.~;e..\ AD .. Lt.I.,t _ _ __ _ ___ 8 
!~J' ,'!: ... too600S ";opt':: '0. SU~ !~~~ (!"!.~J 
P',""" . , i!_IO . 
1Il(.f' IS '" e00600~ vu fQlrC\~&""""""'fo(",, lL' ..... U, 
~' I. ;. eoo e, e, :Itt r'. -;;;'oa coATi .. " 
~":1F :; 0 ;~~t~~z- ~f;::~fs-:~~~;!F C~~~"!._~ ~ # S!E. I-I ~oo7"iiz- ;f;"IV~iNT-P.eqf€pp-e.:-­l~ ..... '. ~OO'4JZ-1 ' .. ~." . • h~AR 
~ , &''-''''-'1'. I ",:,.." .'A';SR"("'lND.41'y.....,/",tiV"I;'oA 
~ i;::;;::-9~9~"1 _v/"In;/'N~ ~ECo.-.. ;"Alrr 
/ 7 er.r' "i'/J -, M",K~C'~. r~···'-"",.··, 
[4. _1.14" .~ b ~~-jt!J-~-';l;:~ ?;..Vt.,.ArJVs."'.vq:'~.:.~"-"'::>EK 
~ ; #: ~d~/~ ;~Z':; ~~:;;;~~~~;;~~~,7' ---,-
e ~0!i~~/-; -:!,,?~!~~:~!"_::';-p';--
I d ~ !l~' , ''',:}0,1 5,T.'.I' .. "'."F, 
I ".-1 ",~'''54~1 r&'~FA .. iF""'J".6:" ... :r'- .-----, 
.... _m- ... ;. ... I at I':::JI1 ~.: ~ L -==::.-~---- u.-rMiiiT""piALicj.io~----usT-
-------- -- ___ ~_ }.C !!1~~~ 
i~1:~,",'2 :"1;;(, .. ,.-h-. ~. , 701 A 
e;o-.-~-,-o- ",0'0 ._._-- TELESCOPe" AS5EMeL.Y 
~&1Q '-.:.~r:~:. _______ _ 
=-_. _.- A/ff')?? 
8(')rJ~' ~83 
4 113 I' ,11--
') ----
Figure 3.3-1 
entrance beam into the telescope is 8.00 inches and the diameter 
{ of the exit beam, which leaves through the center hole of the primary 
mirror, is 1.0 inch. This rec.uction in beam diameter caused a 
cor:t'esponding increase in angular extent, i. e. the IFOV of 1.31 lilr 
(mi.l.liradian) by 1. 31 mr i'nto the telescope leaves with 10.5 mr by 
10.5 mr· beam spread. The largest field angie over which the telescope 
must operate is the extended FOV which has a 4.4 mr diameter in object 
space '(without the extended FOV, the telescope would have to cover 
a field of 1.85 mr). 
The telescope consists of two confocal, coaxial paraboloidal 
-
mirrors which are called the primary (large) and secondary mirrors. 
The primary mirror clear aperture is both the aperture stop and 
entrance pupil of the optica'l s·ystem. It has an 8.00 inch diamete:c 
clear aperture and a focal length of 10 inches giving it an optical 
speed of 1.25. The intervertex distance (the axial separation of 
the primary and secondary mirrors) is 3.75 inches. This gives a 
1.0 inch diameter beam reflected by the secon~ary for a collimated, 
axial beam into the telescope. Because of the extended field of 
view, the clear aperture of the secondary mirror must be a minimum 
of 1.040 inches. In order to·re-collimate the beam, the secondary 
mir ror must have the same optical speE!d of, the primary mirror, i.!3. 
1. 25. The focell length of the secondary mirror is ther_efore, 1. 25 
inches. 
A conical baffle is located around the secondary mirror to 
prevent radiation within the EFOV from getting past the secondary 
mirror and into the aft optics (1. e. 1:he optical components behind 
the telescope). The telescope barrel is made of invar metal which 
has a very low coefficient of thermal expansion and th~refore maintains 
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mirror alignment over the temperature range. The mirrors are 
made of Cervit (made by Owens-Illinois) and has a low coefficient 
of thermal expclnsion. After polishing, the mirrors are coated with 
a J:igh reflectivity coating of aluminum which is protected by an 
overcoat layer of silicon monoxide; this coating is used because-of 
its uniform spE!ctral ~eflectance in all· four channels. Other 
mechanical features of the telescope are described in Section 4.0. 
A uflique feature _ of the AVHRR tE:~escope assembly. is the absence 
of any coma or astigmatism. Thus the angular alignment of the re-
flE!cti ve, reimaging optics following the telescope is not cri tcal 
with respect to the telescope exit beam. A tolerance analysis of 
all optical elements was perf9rmed by Ferson Optics which showed 
that the only sensitive elements are the primary and secondary 
mirrors (i. e • the alignment with respect to each other). The optic 
subcontractor not only fabricates the mirrors (as well as all lens 
elE:ments) but assembles and aligns the mirrors in the telescope 
h01lsing assembly shown in Figure 3.3-1. The primary mirror is first 
. . ..' . .... .. - ---
potted in place and thee the secondary mirror is adjusted by position-
inq the entire spider support in an annular ring at the front of 
thl3 tel'escope)·. The performance of the completed- telescope is 
checked as a subas~embly after potting has cur~d. 
3.4 Channels l' and, 2 Lens .Design 
The reimaging optics for Channels 1 and 2 are AR coated lenses 
consisting of three elements. This triplet design is shown in Figure 
3. 4-1 which gives the rad'ii cSf curvatures, axial thickness of 'each 
element, axial spacing, minimum half apertures for each lens surface 
3-9 
and the material. The lens materials were selected to control 
chrClmatic aberra.tions over the wide spectral bands, especially 
channell (0.55 to 0.90 urn). The triplet design has more than 
adequate MTF performance over the extended FOV and has high 
. ' 
transmission and. low manufacturing sensitivity. It has been 
possible to achieve a single design which can be used for both 
channels land 2 even at the relatively fast effective f/nurnber. 
The' focal plane is located, at, .position -NO. 7 in Figure 3.-4-l. 
The field defining aperture (or "field stop") is located at this 
position; the size of the opening is 0.0238 inch by 0.238 inch 
and produces_ the 1.31 mr by 1.31 rnr field of view in object space 
. 
in Channels 1 and 2: 
The optical performance data for Channels 1 and 2 is summarized 
in ~~able 3.4-1. The optical design was performe:c' by Fe!'son Optics 
under subcontract to ITT-A/OD. Preliminary design was carried out 
using computers at Ferson's plant while the MTF data for the final 
d.esig.n was Ql$tained "using .the G:t;.ey.DiffraOotion MTF Pl:ogJ:arn Em a CDC 
6600 computer. Five wavelengths were used for evaluation for each 
channel and MTF data was determined for best alignment (on-axis) 
and worse alignment (at the edge of the extended FOV) for all 
channels.~ote'that t~e calculated MTF for. 385 cycles per radian* 
at 1:he'edge'O'f-t:he EFOV is 97.4% for'Channel I 'and 96.9% for Channel 
2 and is much better on-axis. The required value at this optical 
*385 cycles per radian corresponds to 0.831 line pairs per rom 
in the focal plane and to 0.5 nautical mile target on the 
earthfs surface. . 
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frequency for Channel 2 is 90% and for Channel 1 it is 88% with a 
, design goal of 90% for both channels (see Section 3.1). The high 
optical performance achieved in the design permits comparatively 
easy manufacturing tolerances for the tens elem~ents and ·tolerable 
mechanic·al al.igrune-ht tolerances (see Section 3.6 for tolerance 
analysis results). 
3.5 Channel 3 and 4 Lens Design 
The reimaging optics focus the energy coming out of the tele-
scope ont.o as small a detector as possible. The optics consist 
of a focus lens assembly (doublet) made of germanium for Channels 
3 and 4; the index of refraction of germanitm does not change 
significantly b~tween 4 and 12 ~m. The slight difference in index 
is taken care of by locating each detector at the corresponding 
focal plane. The focus lenses are axially adjustable to obtain 
optimum focus by means of an adjustment extE~rnal to the radiant 
cooler; this also permits use of a smaller opening in the cooler 
which le'wers the thermal input thereto. 
A third germanium lens, called an aplanat, is used just in 
front of each detector to do the final focusing ,of the beam (an 
aplanat introduc~,s no a~ditional comii' ... or spheric;al. aberrati:on). IF.Oe 
best signal-to:-nqis~ r?1t:i9 is.o.btained by using the smallest poss.ible 
detector area since detector noise depends somewhat on area in 
Channels 3 and 4. The detector area can be found from the nbbe sine 
law (see for €!xample, R. C. Jones, Applied Optics,· Vol. 'I, p. 607, 
1962 or D. Marcuse, Applied Optics, Vol. 10, p. 499, 19i1) • 
. -, 
3-13 
, 
1 
..... where Ao = 
6 = 
).I = 
= A 
• 2 d iT Sl.n l.l 
area of collecting optics 
width of square IFOV 
area of square detector = 
iT 
= 4 
D 2 
o 
maximum incidence angle of an axial ray at 
the detector. 
This can be simplified to Doe :::z 2 Wd sin" ~. Usint; the sine 
definition of f-number, i. e. , fn 
1 this becomes = wd 
2 sin \l 
D 
0 
6. Since 6 has been specified 6 = 1. 31 m r) and ''Ie have 
chosen Do = 8.0 inches, we can only minimize,f (maximize ).I). 
, n 
About the maximum feasible value of ).I is 500; this gives fn 
= f n 
= 0.653 and wd = 0.0068 inch. The sensitive area of the infrared 
detector is the field defining "stop" in Channels 3 and 4; in both 
infrared channels the edge width of the square detector is nominally 
0.0068 inch ± 0.0004 inch. If we note that wd/6 = EFL (effective 
system focal length), then 
f = 
n 
EFL 
",hich i:s the common definition of f-number. 
~..... . ..." . The' apltanat has th-e ef"'f,ect-:-of optically' magnifying the' -Size 
of the detector by the refractive index" (about' 4.0 for germanium 
at 12 ).lm) so that the focus lens "sees" a detector image 0.0272 
inch on an edge. Since the focus lens sees an angular field spread 
of 10.48 x 10- 3 radians from the telescope (Channel 3), it has a 
focal length of about 2.6 inches. The speed of the focus lens is 
also about 2.6 since the beam is 1.0 inch in diameter (neglecting 
field spread); the actual clear aperture diameter of the focus lens 
is large enough' to 'accept the' beam 'spr'ea:ci' plus some' allowance' for 
mechanical tolerance. 3-14 
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The detail design information for the Channel 3 and 4 re-
imaging optics is given in Figure 3.5-1. An enlarged scale drawing 
of the optical elements mounted inside the radiant cooler is shown 
in Figure 3.5-~ •. The sensitive area of the Channel 3 inf~ar~d , 
., 
detector is located at position 15 and that of the Channel 4 detector 
at position 20. The position of the aplanat lens is held very 
accuratelly with respect .to the detector sensitive area by mounting 
the aplanat directly to the detector housing. This is shown in 
Figure 2.2-2 (ITT-A/OD Drawing 8008791), the housing for the 
Channel 3 infrared detector. The aplanat lens also serves as the 
window for the housing since it is hermetically bonded in place. 
The SamE! type of construction has been successfully used by the 
same det:ector vendor on the infrared detectors for other programs. 
The MTF perfOl~mance of the infrared bands for both on-axis 
and edgE~ of the EFOV is given in Table 3.1-1. The MTF data given 
in the 1:able includE~s the effects of diffraction. Since Channel 3 
is used as the reference channel for registration, the detector-
aplanat assembly for this channel is p,ositioned -!?n-axis. Achieve-
ment of the 86% MTF requirement for ttis channel is therefore not 
: .. 
.; 
--1 -T_he calculated MTF values for both 
: : ... -
-----expected to present a problem. 
--infrared channels is appreciably higher than the required values 
imposed on the optical vendor by ITT-A/OD. Tolerance analysis 
stud.i,es in~icG!-te .tbat the required performance is achievable 
without undue difficulty. The axial astigmatism in Channel 3 which 
is caus4:!d by the tilted dichroic (D2) was analyz~d and was found 
to.be masked by diffraction effects at these long wavelengths. 
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3.6 AVHRR Tolerance Analysis 
A tolerance analysis was run on the AVHRR Optical Design 
using a Ferson Optl.CS computer prograr.t. 'l'he program provides 
informat~on of changes in the OPD* (in Raleigh units) due to 
perturbation of optical design parameters about"their nominal 
values. From the OPD variations due to pE!rturbations, the mechanical 
tolerance~ for manufSlcture can be determined. The data presented 
here is for individual eleme~ts as well as groups of elements 
which are mounted on subassemblies. Figures 3.6-1 and 3.6-2 
show concentricity and parallelism for group data in schematic 
presentation. Mirrors and dichroics are not shown but must be 
considered when distributing the paralleli~m and concentricity 
tolercLnces. A summary of the recommended tolerances follows. 
3.6.1 Summary of Mechanical Tolerances** 
Channel 1 and 2 - Focus Lens 
a. Focus Lens Diameter - OD + 0.000 -0.002 
b. Focus Lens Cell - ID +0.002 -0.000 
c. Minimum Clearance for Thermal Expansion - 0.001 
d."~TripTe·tconcentricity relative to telescope optical 
axis - 0.010 ~ 
e. Triplet parallel.ism relative to telescope optic<!l 
axis - 4 mr 
* OPD = Optical path difference. 
** Linear dimensiOns in inch~s, angles in milliradians (mr). 
. , 
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FOR ELEMENT GROUPS 
u 
fIGURE 3.'6-:-2 .1'-
/ 
f ~ f. Spacer Data 
"- Lenses 16-17* 17-18* 
Length ±0.002 to.003 
10 ±0.001 to .o~n 
00 +0.000 -0.002 +0.000 -0.002 
*See Figure 3.4-1-
Channels 3 and 4 - Focus Lens 
a •. Focus Lens Dia. 00 +0.000 -0.002 
b. Focus Lens CEll - 10 +0.002 -0.000 
c. Minimum clearance for thermal expansion - 0.001 
d. Doublet concentricity relative to telescope 
optical axis - 0.005 
e. Spacer Data 
Length - to.003 
10 - to.002 
00 - +0.000 -0.002 
Channels 3 and 4 - Aplanat 
a. Outsider Diameter, Aplanat - +0.000 -0.002 
. -r' 
b. Diamet.er aplanat cell - +0.002 -0.000 
'. 
c. Concentricity of cell diameter relativ~ to detector 
axis -. 0.002 
d. Mounting Surface deviation rEda tive to detector 
surface - to.OOl 
~ 
'" " 
3.6.2 Surface Quality for Filters, Beamsplitters 
Ch. 1 and 2 Ch. 3 and 4 
a. Scratch 60 80 
b. Dig 40 50 
c. Flatn~ss 10 fr 2 fr 
d. Irregularity 1 fr 2 fr 
e. Wedge 1 mr 1 mr 
3.6.3 Mechanical Adjustment.Data (Inches) 
Back Focus X-Y 
Focus Adjust Adjust 
Channel 1 1. 512 ±0.050 ±O.040 
Channel 2 1. 515 ±0.050 ±0.040 
Channel 3 0.0976 ± 0.002 ±0.050* ±0.040 
Channel 4 0.062 ± 0.002 ±0.050* ±0.040 
*An additional adjustment of 0.0606 for Channel 3 and 
0.0343 for Channel 4 toward the focus lens is required 
for room temper.ature testing. 
Position of Channel 4 aplanat relative to Channel 3 aplanat -
±0.002. 
..: . 
3.7 riichroics; Beamsplitters and Cooler windows 
Dichroics Dl and 02, Beamsplitter 03, the Irtran cooler windows 
and the Channel 3 fi.l.ter are being obtained .from OCLI (Optical Coating-
Labs, Inc., Santa Rosa, Calif.). The function of the two dichroics and 
the beamsplitter is to separate the optical beam exiting the telescope 
into four separate beams before final focuss'ing in each of the four 
channels. Dichroic D1 consists of a thin "Transparent" coating of gold 
evaporated onto a flat'glass substrate. This type dichroic reflects 
3-22 
radiation in Channels 3 and 4 with approximately 82% efficiency and 
transmits Channels 1 and 2 with approximately 75% and 70% efficiency, 
respectively. It does polarize the energy in Channels 1 and 2 and is 
the reason why an additional folding mirror (M3) is used. More complete 
details of this dichroic are given in ITT-A/OD Spec. No. 8009262. 
Dichroic D2 reflects Channel 4 radiation and transmits Channel 3 
This dichroic is the bandpass filter for Channel 3 which is designed for 
a 45 0 incidence angle and the focused optical beam when cooled to 105 
Kelvin. The "filter-dichroic" reflects energy in the 3.5 ~o 4.0~m 
spectral band. ~he :ceflectance for Channel 4 radiation is 90% minimum 
and the transmittance for Channel 3 radiation is 75% minimum. The 
substrate material for the dichroic is optical grade germanium; the 
thickness was made as large as feasible to minimize bending when it is 
cooled to operating temperature. More complete details of this dichroic 
are given in I'l~T-A/OD Spec. No. 8008792. 
A detail layout drawing showing the extreme optical rays at 
Dic:hroic Dl, Bc~amspli tter D3 and folding mirrors M3 and M4 is shown 
in Figure 3.7-1. The angle of beamsplitter D3 with respect to the 
opt:ical axis was minimized in order to reduce polarization effects. 
Since the speciral b~d~ "of Chan;els 1 "and 2 overlap each othe"i", D3 
'cannot be a dichroic bearnsplitte,r"btit must be"a< neutral density 
separator. The neutral density beamsplitter consists of a thin 
ev.3.porated coating of inconel on an optically-polished, flat glass 
substrate. The minimum average reflectance is 22% for Channel 1 energy 
and the minimum average transmi tt"arice is 34% for Channel 2. Complete 
details for beamsplitter D3 are given in ITT-A/OD Spec. No. 8007932. 
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The cooler windows are optically-polished, flat circular 
discs of Irtran 2 material (Eastman Kodak trade name). They are 
antireflection coated by eCLI to givE~ a minimum transmission of 
85% in both Channels 3 and 4. The coated windows meet standard 
military specifications for ~un~~~~ce, hardness and humidity. The 
cluter cooler window (Wl) is comparatively thick since it must with-
stand atmospheric pl:essure when the cooler is evacuated for bench 
'c:ooling tests. 
The Channel 4 bandpass filte:c is a conventional multilayer 
c:oating on a polished germanium substrate. The bandpass character-
istics such as cuton and cutoff slopes, tolerances on location of 
t~e 50% transmission wavelength, etc., are given in Section 3.8.2. 
3.8 Spectral Definition 
3.8.1 Spect:ral Definition of Solar Channels 
In order to determine the AVHRR system spectral response ic 
Channels land 2, it is necessary to determine the effects of those 
E!lemerits having a varying spectral characteristic. These elements 
are: 
a. Mirror COCl;tings 
b. Gold Beamspli tter 
c. Lens AR Coatings 
d. Silicon Detectors 
e. Spectral Bandpass Filters 
Since the relative ;Jpect,ral J;:esponse of the above elements affects the 
system spectral response in the given bands, and since thoir absolcte 
response affect,S the, signal to noise ratio, bOL'1 requirements (~pectra 
and s~nsitiv:LtyJmust be considered together. .The spectral 
3-25 
t , 
." 
characteristics of the above five groups will be discussed individually 
below, followed by their combined effects. 
3.8.1.1 Mirror Co?~ings 
A complete study of the various potential mirror coatings was 
d<:me in the preliminary design of the AVHRR. It was d~cided that to 
achieve maximum sensi tivi ty in Channel 2 (where overcoated alumir~:..n 
mirrors have a dip in their reflectivi1:y) silver mirrors ·;.;>'ould be used 
for the telescope mirrors.· For polarization compensation, however,. 
the scan mirror and the folding mirror behind the solar channel beam-
splitter were aluminized. The silver coating chosen was t.~e auffelleto 
opt.ics "low pit" coating which was supposed to survive the required 
humidity and temperature extremes. 
In the process of bu.::..lding the Breadboard and Engineering Model 
telescopes, no silver coating was found (at reasonable cost) which 
passed the humidity test. In all cases the mirrors degraded extensively 
whem placed in the humidity test. Therefore, the decision was made to 
USE) aluminum mirrors which have a reflectivity equ3.1 to or greater than 
that shown in Figures 3.8-1 and 3.8-2. The coating 3.fter which the 
reflectivity curves were fashioned is the.Evaporated Hetal Films Corp. 
"enhanced aluminum" coating. 
3.8.1.2 Gold Beamsplitter 
. ~ 
The dichroic to split Channels 1 and 2 fr0m Channels 3 and 4 
is the thin gold film type at 45 0 to the incident beam with the near 
IR and visible energy being transmitted. Figure· 3.8-.. 3. shows the 
measured solar channel reflectivity of the gold dichroic used in the 
PTH. 
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3.8.1.3 Lens AR Coatings 
The anti-reflection coatings on the three relay optic lenses 
used in each channel do not materially affect the relative spectral 
response of the solar channels. A MgFl2 type single layer coating is 
used and the total lens transmission will change from about 97% near 
the band center to 95% near the edges. Even for three lenses, the 
effect is insignificant. 
3.8.1.4 Silicon Detectors 
Because of the wide spectral bands covered by Channels land 2, 
the detector in each is an important factor in defining the band edges. 
Quotes were solicited from six different companies, and all were 
requested to define the spectral characteristics of their proposed 
device. Selection of the vendor was based on both the relative spectral 
respon:se and the absolute sensitivity. The definition of the Channel 1 
spectral band edges is complicated by the fact that the silicon detector 
relative response is down to about 30% at 0.50 micron. This means that 
above :some relative transmission value (about 40%) the spectral bandpass 
filter does not define the system response. The response is basically 
defined by the detectors and the other spectrally variant elements. 
This effect could have been·-r-educed by cut.ting-t~detector peak 
spectra.l response and lo,,:-,ering the system signal~to"':'noise ratio; however, 
it was decided that the slow cuton of the system spectral response is 
more acceptable than a reduced signal-to-noise ratio. 
As stated previously, ohe detector design is used for both 
solar channels. This approach provides excellent sensitivity in both 
channels and simplifies (and so reduces the cost of) the detector. 
The measured spectrai response of one of the detectors, shown in ~igure 
3.8-4, is typical of that measured on all detectors. 
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3.8.1.5 Spectral Bandpass Filters 
The spectral filters were purchased from Fish-
Schurman Corporation and have the responses shown in Figures 
3.8-5 and 3.8--6. The filters consist of a two piece 
laminated sandwich with one piece being a 3 mm thick Schott 
glass filter and the other being a 2 mm thick clear substrate 
upon which a multilayer coating is applied. The multilayer 
is placed inside the sandwich and is s~aled by the epoxy 
sealant from ambient conditions. The problem of spectral 
variations as a function of absorbed water is eliminated. 
This approach was used in the ATS-F VHRR solar channel 
filter. The epoxy sealant is Summers Laboratory C-59 which 
meets MIL-3920 and has measured outgassing characteristics of 
2.94% weight loss and 0.108% condensible materials. (This 
information was supplied to ITT by NASA/GSFC). This is the 
same sealant used to seal and focus lenses in each solar 
channel of the AVHRR. 
The filter generates its spectral bandpass using a 
Schott glass filter for the short wave cut-on and a multi-
layer coating for the long wave cut-off. The slopes of the 
filters are all about 6% between the 5% and 80% response 
points. Short wave out-of-band blocking is defined by the 
Schott glass and is complete. Long wave out of band blocking 
is defined by the multilayer and, while not as good as the 
-" , 
Schott glass, results in an out of band signal well below 
that specified as discussed later (the detector has cut off 
by the time the filter transmission comes backup) • 
• ,." _" ,"_' I'" • 
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3.B.l.6 System Spectral Response 
Figures 3.B-7 through 3.8-14 show the measured chan-
n~;!l 1 and channel 2 spectral response curves for the AVHRR/l 
flight model instruments. 
3.8.2 Spectral Definition of Thermal Cha~n~ls 
The spectral characteristics of typical bandpass 
filters for Channels 3 and 4 are summarized in Table 3.8-3. 
The filters are the dominant element in defining the spectral 
response of the AVHRR instrument. The response of the indium 
antimonide detector varies smoothly from 3.5 to 4.0 ~m, 
being about 5% less at the shorter wavelength side of the 
band. The Hg Dc Te detector procurement specification con-
tains a requirement that the response at any wavelength 
between 10.5 and 11.5 ~rn be no less than BO% of the maximum 
in-band response. Therefore, the detectors should not appre-
c iably affect: the system response. The complete procurement 
specifications for the bandpass filters are contained in ITT-
A/OD Specifications 8008790 (Channel 4) and 8008792 (Channel 
3 ) • 
The germanium lenses have some eff~ct on the re~ponse 
of Channel 3 due to their increased absorpti~n toward longer 
wavelengths. This effect causes the Channel 3 response to be 
somewhat skewed to shorter wavelengths in the band. Figures 
3.8-15 throu3h 3.8-22 show the measured channels 3 and 4 
spectral response for the AVHRR/l flight models. 
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TABLE 3.8-3 
FILTER CHARACTERISTICS 
CHARACTERISTIC 
50%-of-Peak Cuton Wavelength 
sO%-of-Peak Cutoff Wavelength 
Cuton and Cutoff Slopes 
Response at 10.0 and 12.0j..lm 
Response at 3.40 and 4.12j..lm 
Transmission less than 0.1% 
In-Band Transmission 
CHANNEL 3 
10. 5±0. 09\.lnl 
11. s±O. 09\.lm 
< 3% 
< 1% 
N.A. 
From 1.8 to 
9.8\.lm and 
from 12.2 to 
18.0\.lm 
2:. 75% Avg. 
CHANNEL 4 
3. 55±. 06j..lm 
3.93±.06\.lm 
< 3% 
N.A. 
< 1% 
From 1.8 to 
3.2\.lm and from 
4.3 to 7.0um 
> 75% Avg. 
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3.9 fhannel Resigtration 
'I'he approach' used to register the AVHRR channels con-
sists of first registering the two thermal channels at a 
subassembly level. The patch, with both detectors mounted, 
is placed in a test vacuum dewar and illuminated through the 
relay optics, by a collimated beam. The collimator is a ger-
manium lens which has a slit target and c1.opped radiation 
source. The slit is moved while the outputs of the two chan-
nels are recorded. The difference between the 50% response 
points is the misregistration. This is repeated with a slit 
rotated 90 0 sO that the distance that each detector must move 
l~ measured. The patch is then remove~ from the dewar, the 
adjustment made, and the patch retested to verify alignment. 
The following procurement is used for channel 
registration. 
a. Determine the physical location o~ the focal 
points for Channels 3 and 4 with reference to the 
optics subassembly during optics acceptance 
tests. 
b. Place the subassembly into the AVHRR and mount 
the cooler to place the detectors in their proper 
position. 
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c. With the solar channels centered in their EFOV, 
" determine the misregistration between all the 
channels. If the error is more than can be 
corrected by moving the solar channels, reposi-
tion the cooler to place the IRdetectors in the 
correct location. 
d. Remeasure ':he misregistration and move the solar 
channel detectors to comp:"ete the registration 
procedure. 
Step c. essentially eliminates the tolerance buildup problem 
i.n the inst:rument by actually measuring the positions and correcting 
accordingly. If the initial placement of the cooler is sufficiently 
close to place the IR detectors within the solar channel EFGV, then 
no cooler re~ositicning will be required. 
The procedure has been used to register both the ETM and pm1 
instruments well within the specified value. 
3.10 Polariz~~ion Sensitivity 
An analysis \.,&s macie of the polarization sensitivity 0; 
Channels 1 and 2 with the object. of meeting the requirements of the 
GSFC Spec~fication. 
p = <.053 
This equation holds at nadir (or at 90° from nddir) as a 
resul t of the orientation of tre opt~ical elements that contribute to 
the polarization. (On the F:!.iqht t10del instruments" the maximum allowc 
polarization sensitivity is .07.) The transmittances obtained fOL the 
parallel and perpendicular polarizat~,ons are the extremes for any 
linearly polarized \vave that travels through the optical t"'ain. 
3- 5,,', 
.. ,. . 
The theoretical and measured polarizations of the elements 
are given in the tables contained in the DlR's. The channel transmit-
tances were calculated by giving a weight of 1/2 to the spectral end 
points (i.e., originally 0.5 and 0.9 ~m in Channell and 0.75 and 
1.00 ~m in Channel 2; revised to 0.55 to 0.9 ~m in Channell and 0.725 
and 1.1 ~m (silicon detector cutoff) in Channel 2). 
The analysis performed during the design phase of the AVHRR 
program considered several options including the angular position of 
the dichroics and bE=amspli tters, the addition of reflecting surfaces 
for ::ompensation, arJ.d the types of coatings on reflective surfaces. 
'l'he cCJmplete analys is is detai led in AVHRR D. I. R. jj: 6 and 7. 
Several changes have been made to the orginal polarization 
sensitivity design of the AVHRR. In particular, the gold dichroic has 
been made by CCLl so that the percent polarization of that element is 
considerably less than originally thought. The scan mirror coating is 
the major compensating element for the polarization of the gold dichroic. 
The high reflectivity coating used on the PTM and Flight Models also has 
less polarization (because the reflectivity dip around 0.86 micron is 
minimal). The combination results in a measured PTH. polarization 
sensitivity as list:ed in Table 3.10-1. The Polarization sensitivity as 
a function of scan mirror position was measured on the PTM as a matter 
of interest. As can be seen the instrument performs quite well and it 
can be expected that the Flight Model units will be well wi thin the 0.07 
.:1llowed. 
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TABLE 3.10-1 
HEASURED PTH ,WlIHR POLARIZt\TION 
SENS:TIVITY 
SCAN HIRROH 
POSITION 
50° (Sunsid~) 
.,,,0 
-:.> (Sllnside 
N.1dir 
25° (,\ntisunsid.e) 
50° (t\ntisunside) 
CHANNEL 1 
P.S. 
.032 
.039 
.037 
.038 
.030 
CHANNEL 2 
P.S. 
.047 
.049 
.053 
.047 
.049 
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3.11 Scattered Sunlight 
We have studied the following effects of direct sunlight: 
a. The temperature graditlllt it produces .:lcross the 
honeycomb of the in- f ligh t target. 
b. Its reflection from the in-flight target and the 
resultant c~libration errors. 
c. Scattering .:lnd the resultant signal cont.:lmin.:ltion. 
Bec.1us,:~ the above occurs only during the nighttime portion of the 
orbit, we need to consider only Ch.:lnnel 3 (10.5 to 11.5 urn) and 
Ch.:mnel 4 (3.55 to 3.93 \.1m). 
From our studies to date, we conclude that: 
.1. The honeycomb gr.:ldient is not sensibly ch.:lnged 
from its value in the 906 n mi orbit. 
b. Undel: the worst conditions, reflection of sunlight 
from the in-flighL ~~rqet introduces a signific.1nt 
error (O.65K) in Channel 4. As a ~~sult, it may be 
desirable' to r~strict the \~hannel 4 calibration 
period, e.g., to the portions of the orbit when the 
t.1rget is shaded by the eartll, spacecraft, instruments 
or sunshields (if added). The corresponding error in 
Ch.1nnel J is negligible (O.OO~K). 
The temper.1ture errors quoted in b are for the preliminary TIROS-N 
instrument/sp.:lcecraft layout shown in NASA/GSFC Drawing GDSK-47~9. 
T\,'o separate instrument orientations are of interest, for scatterilN 
f rom the te lescope and from the SC,l.n mirror. 
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3.11.1 Honeycomb Temperature Gradient 
This problem was analyzed in OIR #18 (Worst Case Honeycomb 
Temperature Gradient in the In-Flight Thermal Calibration Target, 
May 9, 1974; included in Section 7.1). The analysis was revised 
for the new altitude of 450 n mi and the new range of sun angle G 
(memo of May 2, 1974). The results are: 
For p < 27.83°, min. 8 = 62.17° at S = 27.830 
For 8 > 21.83°, min. 8 = 62.17° 
(To - T 2.) 1 
(To - T'l.) 2 
= 
= 
Effective cell gradient = (T - T ) = 0.95 0 c 
° ~ 
Effective calibration gradient = 0.079 (To - T~) = 0.07SoC. 
The effective calibration gradient is not sensibly changed from its 
previous value of a.077oc. 
3.11.2 §unlight Reflections from In-Flight Taraet 
Sunlight reflected from the in-flight target introduces a 
calibration error in addition to those errors we have previously 
consider~J. ~he errcr is negliaible in Channel 3, but can be 
significant in Channel 4. 
where 
The solar exitance reflected fro~ the target ~s given by 
E 
s 
= 
M 
s 
E _, 
s 
A 
s 
direct solar incidence (irradiance) in the wave-
length band and perpendicular to the sun's rays. 
= diffuse hemispherical reflectivity of the in-flight 
target 
= 
exposed target area projected perpendicular to the 
sun's rays 
effective target area viewed by radiometer 
11 (8)= /4 in=. 
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The values of solar incidence were calculated from the table given 
.~ by Thek.aekara (Optical Spectra, March 1972, p. 32): the results are 
" 
Channel 3 (10.5 - 11.5 ~m), E = 1. 71 x 10- 5 
S 
\oJcm -: 
E = 2.52 x 10-1t s Channel 4 (3.55 - 3.93 ~m), 
The reflectivity p can be calculated from the limiting formula 
of Treuenfels (J. Opt. Soc. Am. 53, 1162, 1963) or by interpolation 
from the graph of Sparrow and Cess (Radiation Heat Transfer, Brooks/ 
Cole, 1966 p. 165). In either case, an assumed paint emissivity of 
0.92 (3M 401 black) results in a hemispherical cavity emissivity of 
0.980 and a reflectivity of 0.020. As shown in the graph of Sparrow 
and Cess, the limiting emissivity of a cylindrical c3vity is reached 
at a length to radius ratio of about 2:1 when the paint emissivity 
exceeds 0.7. The length to radius ratio of a honeycomb cavity is 8:1. 
The ratio of flat to total t3rget area is 0.045, so that the hemis-
pherical reflectivity is 0.0227. It would be desirable to have 
spectral emissivity (or reflectivity) data on the 3M 401 in the bands 
of interest. However, data could only be found for 3~1 101 and; 
therefore, an average 401 value of 3pproximately 0.92 was used. 
The exposed area A normal to the sun's rays was determined 
s 
from scan c3vity projections supplied by J. D. Crawford. The worst 
case situation is shown in Figure 3.11-1. It occurs at a G angle of 
27.830 , when the spacecraft leaves the earth's shadow, and an orbital 
position 150 north of the plane of the ecliptic in the night-time part 
of the orbit. The value of A is 10.9 square inches when shadinc:: fro:!! 
the anticipated spacecraft is included. We then have (in the absence 
of any sun shield) 
HS (Ch. 3) = 8.43 x 10- 8 \oJcm- 2 
M \Ch. 4) = 1.24 x 10-' \'icm-~ 
s 
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The comparative effect of the reflected sunlight is shown in Figure 
"". 3.11-2. In Channel 3, the sunlight produces an exitance level that 
is mon~ than 4 orders of magnitude below that of the 295K self-emission. 
On the other hand, the reflected sunli.ght in Channel 4 is only about an 
order of magnitude below the self-emission. 
The calibration error introduced by reflected sunlig~t may be 
expressed as an effective temperature increase; it is given by 
= 
M 
s 
dM/dT 
where dH/dT is the rate of change of in-band blackbody exitance at the 
nominal target temperature of 295K (220 C). For the bands of interest, 
we have 
dM (Ch. 3) = 4.263 x 10- 5 Ivcm- 2 K -1 at T = 295K 
"""dT 
d.1I.! (Ch. 4) = 1. 905 X 10-6 Wcm- 2 K -1 at T = 295K 
CiT 
The calibration errors for the worst case are t..'1en 
aT (Ch. 
s 
3) = 0.002 0 C 
aT ';Ch. 4) = 0.6SoC s 
3. 11. 3 Sisnal Contaminc>. cion 
loJi th the AVHRF. mounted as shown in Figure 2 of GSFC Specifica-
tion S-73l-f-ll8 (~ev. C), there is a large effective sunshield (i.e., 
the spacecraft itself) that limits direct solar exposure of the instru-
ment to the night-time portion of the orbit. During this time, of 
course, Channels 1 and 2 are not used. As a result, we need to consider 
the effect of scattered sunlight only in Channels 3 and 4. In common 
with the reflections from the in-flight target, the larger effEct is in 
Channel 4. 
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Figure 3.11-2 Comparative Effect of Reflected Sunlight 
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We may define the required attenuation coefficient for 
scattered sunlight as the normal solar incidence (irradiance) out-
side the earth's atmosphere divided by one-third of the minimum 
radiant signal, 
a = 
(1/3) (NER)An 
where NER = noise equivalent radiance 
Wcm- 2 ster- 1 (Ch. 3), 8.0 x 10- 8 
Wcm- 2 ster- 1 (Ch. 4) 
An = throughput of optics = 5.43 x 10- 4 cm 2 ster. 
The NER values were supplied by R. J. Koczor for the nominal spectral 
bands and a 0.12K NETD. We therefore require 
a(Ch. 3) = 5.87 X 10 4 cm- 2 = 3.79 x 105 in- z 
a(Ch. 4) = 1.74 x 10 7 cm- 2 = 1.12 x 10 8 in- 2 
Attenuation coefficients for scattered sunlight were measured 
as part of an earlier study on the HRIR (Final Technical Report, Solar 
Sun Shield Study for the HRIR on TIROS-M Satellite, Feb. 6, 1967, 
ITT-A/OD Report No. 14-16400). The HRIR had a 3.7 ~m band channel and 
was to operate in a 750 to 900 n mi sun-synchronous orbit over a sun 
angle range from 37.50 to 50 0 • The instrument had a modest external 
shield and simple internal baffles with a Cassegrain telescope and a 
reflective secondary optic. with the scan mirror looking 45 0 from 
nadir on the sun side, attenuation coefficients of 0.6 x 10 6 in- 2 and 
higher were measured, the value depending on the sun angle and orbital 
position. 
3.11.4 Sun Scatter Test Results 
The BBM AVHRR was tested to determine the level of scattered 
light getting into Channels 1, 2 and 4. The tests for Channels 1 and 
2 were run together while that for Channel 4 required a modified set up. 
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3.11. 4.1 Channel 1 & 2 Test Setup 
The BBM was placed on a 2-axis rotary table which rotated 
the instrument about its pitch and yaw axes. A 9 inch aperture 
Astrola telescope was used to illuminate the scan cavity. A 24 Hz 
chopper and a t:ungsten iodide lamp (wi. th a Lucalox diffuser) ',."ere 
used as the radiation source at the Astrola focal plane. 
Signals were taken ()ut of the Channels 1 and 2 preaffi?lifiers 
(to reduce system noise) and fed to an electrical bandpass filter 
(20 to 31 Hz) t.hen to a Ballantine True RMS voltmeter. The BBH was 
operated from the P.T.E. 
3. 11. 4.2 Tes t: Procedure 
As discussed in Sectoon 3.11.3 the procedure is to calculate 
an attenuation factor for the scattered light at various a~gles cf 
irradiance. The detectors in th~ BBM were used for the test. They 
were removed from tl1e u~it (mechanically not electrically) a:-:.d 
illuminated directly by the chopped collimator signal, thr~ ~he 
appropriate spectral filter. They were then placed back i~ '.:he unit 
in their proper location to measure any scattered signal. 
The collimator is used to irradi~te the scan cavity at su~ 
o o. 0 0 
angles ~ of 0 to 67 and orb1t angles Us of 280 to 230. !nitial 
readings were taken with the scan mirror positioned at nadir and ±4So 
from nadir~ however, no change was observed and so further testing was 
done with a nadir-looking scan mirror only. 
3.11.4.3 Test Results Channell & 2 
The data obta~ned in this phaHe of the test is given in 
Table 3.11-1. The data is given as a function of sun angle ~hen 
orbit angle. The irradiance lev~l signal measured at the scan cavity 
was 6.40 volts in Channel 2 and 4.00 volts in Channell. As can be 
3-6"; 
Measured Irradiance Onto Scan Cavity 
Channel 1 4.0 volts 
Channel 2 6.4 volts 
SUN ORBIT CHANNEL 1 SIGNAL CHANNEL 2 SIGNAL 
i 'GLE ANGLE .58 mv NADIR 
_45 0 +450 NADIR -450 
67 0 280 0 .58 mv .58 mv .60 mv .53 mv .55 mv .53 mv 
270 .56 .58 .61 .52 .53 .54 
260 .62 .63 .62 .51 .53 .53 
250 .60 .60 .63 .52 .53 .55 
240 .113 .60 .62 .54 .52 .57 
230 .66 .63 .66 .56 .57 .58 
580 280 .65 .60 .60 .55 .50 .52 
270 .65 .65 .65 .50 .50 .50 
260 .58 .60 .60 .53 .46 .53 
250 .56 .57 .57 .45 .48 .52 
240 .58 .62 .57 .51 .50 .50 
230 .57 .57 .58 .55 .53 .53 
50 0 280 .62 .56 .60 .52 .54 .62 
270 .60 .61 .59 .54 .53 .52 
260 .60 .60 .58 .52 .51 .51 
250 .65 .63 .62 .54 .50 .53 
240 .65 .62 .64 .55 .54 .54 
230 .64 .67 .65 .63 .62 .64 
'1.0 280 .62 .55 
270 .58 .52 
260 .58 .52 
250 .60 .56 
240 .62 .60 
230 .63 .60 
29 0 280 0 .55 mv .58 mv 
270 .56 .59 
260 .62 .58 
250 .65 .58 
240 .63 .61 
230 .63 .60 
18 0 280 .58 .55 
270 .60 .57 
260 .63 .57 
250 .60 .60 
240 .60 .60 
230 .56 .56 
90 280 .63 .56 
270 .61 .57 
260 .61 .59 
250 .62 .61 
240 .60 .60 
230 .61 .62 
TABLE 3.11-1 
crt~NNELS 1 & 2 SCATTERED SIGNAL Al.'JD NOISE LEVEL 3-65 
seen in Table 3.11-1, the measured signal and no~.se level Channel 
, 1 was on the order of 0.65 m volts. This is a ratio of 
4000 
.65 = 6l50:l 
Similarly in Channel 2 the ratio is 
6400 
.58 
= 11000:1 
There was no evidence of a measurable scattered light signal 
in either channel at any of the measurement points. This was verif~ed 
by blocking off the source. The numbE~rs given in the Table are only 
the noise in the test setup. 
Using the formula given earlier, we have 
a = 
E 
s 
ES/TI x .005 x 1/3 x ~A 
In the above case the coefficient gives the attenuation required fo= t~~ 
scatter to be equal to the specified noise equivalent albedo (1/ 3 o~ 1 _ 
Using the coefficient we can calculate the required ratio of 51 (colli-
mator irradiance) to 52 (scatt r signal measured in system) as 
Sl/S 
2 
Where Ad is the test detector area, In our case AVHRR thruput is 5.43 x 
10-- cm2 ster (including secondary obscuration) so that 
The test detector has a 0.010" square aperture so that the ratio that 
would be measured in the test set up if the scattered signal were 
equivalent to the specified Noise Equivalen~ Albedo is 
Sl/S = (.01)2 x 2.24 X 10 7 = 2240:1 
2 
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In both channels our tes~ ratio was at least 3x better than this. 
Therefore, we conclude that if there is any scattered signal in 
the orbits and at the angles measured (which are the computer-
projected "worst cases"), they are at least three times less than 
the Noise Equivalent Albedo specified. 
3.11. 4.4 Channel 4 Test Set Up 
The BBH AVHRR was in place on the two axis table with the 
collimator in position as for Ch land 2. However, an .027" square 
active area InSb detector was placed at the focus of the IR Relay 
lenses. A Channel 4 filter is set in place in front of the detector 
so that only the spectral band of interest is viewed. This detector-
filter combination is placed at th-= scan cavity for incidence 
measurement as above. The radiance source ~s a 900 0 C blackbody source 
chopped as before at 24 Hz. 
The scan mirrcr was checked at several angles on various sun 
positions, but no measurable effect wa.s observed. All recorded da-::a 
is for the scan mirror at nadir. 
The procedure was basically identical to that previously 
described; however, since Channel 4 ca.n be used at night, the orbital 
angles which were checked were extended to a range of 230° to 310°. 
Table 3.11-2 gives the measured resul~s. 
3.11.4.5 Test ~esults Channel 4 
The maximum measured scattered signal plus noise was 8S micro-
volts. With an incidence signal of .636 volts, we have a ratio of 
636000 
85 = 7480:1 
3-6, 
ORBIT 
ANGLE SUN ANGLE e 
S s 
----
7° lSo 29° 3So 4So c;4° 67° 
230° 20 20 15 15 20 15 25 
240 20 20 15 15 25 20 30 
250 20 15 15 15 15 30 25 
260 15 25 20 20 25 20 30 
270 25 30 20 25 45 50 85 
280 15 25 25 20 25 35 30 
290 20 20 30 15 20 20 15 
300 20 15 15 15 30 25 25 
310 25 15 15 30 20 25 20 
Readings are in microvolts 
HEASURED IRRADIAL'iCE ONTO SCAN CAVITY IS .636 volt rms 
1 NER = 24 microvolts 
TABLE 3.11-2 
CHANNEL 4 SCATTERED SIGNAL PLUS NOISE LEVELS 
The required attenuation coefficient for Channel 4 has b~en 
calculated to be 1.12 x 10 e in-2 for a scattered signal equal to 1/3 
NER. The ratio Sl/S2 for this channel is 
Sl/S2 (1.12 x 10~) (.027 in)2 .. 81650 
where .027" is the InSb detector width. This me.lns that the maximum 
scattered signal found is equivalent to 
81650 
= 3.6 NER 
3 x 7480 
SUMMl\RY 
Measurements in the solar channels indicate th.lt no measurable 
scattering exists in these channels at solar incidence angles which 
computer projections indicate are worst case conditions. In Channel ot, 
the measured scattered signal is less tll.:m two NER's for orbits \.;ith sun 
angles below about 48 0 and at all orbit angles except 270°. The maximu~ 
measured any where is 3.6 NER's. 
It is apparent that no sun shield is required for the solar 
channels. Further because of the low level and limited extent of the 
scattered signal in Channel 4, it is probable that no sun shield is 
required in that channel. Further, assuming a reasonably si::ed shield 
attached to the AVHRR, it is not possible to eliminate tho scattered 
signal completely since tho irradiance is reaching the telescope throtll1h 
the shield .:irea which would be cut out to allow an e.:l.rth viow at the 
m.1ximum scan .111g le. 
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4.0 
4.1 
MECHANICAL DESCRIPTION 
Overall Instrument Configuration 
The AVHRR instrument design provides for a basically 
modular configuration. An exploded view o~ the instrument which 
depi.cts the various modules is shown ·in Figure 4.1-1. The basic 
modules are: 
1. Base plate with related cover plates 
2. Scanner 
3. Optics 
4. Radiant Cooler 
5. Electronics 
An outline drawing of the assembled instrument is shO\.;n in ITT 
Drawing No. 8008778 which is reproduced in Figure 4.1-2. 
4. L 1 Structure 
The baseplate can be seen in Figure 4.1-1. Provision is 
made for locating the scanner and optics on the base plate by means 
of dowel pins. The radiant cooler is positioned by means of shims 
in order to align the Channel 3 and 4 detectors to the optical axis. 
The electronics package attaches to thE~ side of the instrument by 
means of machine screws and dowel pins for rigidity. 
The structural integrity of the instrument was proven 
during the extensive vibration testing given both the Mechanical 
Structural Model and the Engineering Model. The Engineering ~odel 
successfully passed vibration tests per ITT Procedure ~o. 8120266 
and acceleration tests per ITT No. 8120267 with the exception of 
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channel registration. The required registration stability was 
achieved on the PPM after improved methods of securing certain 
optical elements were incorporated into the design and pinning 
and staking procedures were improved. 
In order to prove the structural integrity of the radiant 
coolE!r prior to vibration,a computer analysis of the configuration 
was conducted by Computer Sciences Ccrp. and Butler Analyses, Inc., 
under NASA Contract HAS 5-24012 Mod. 10. Copies of the Final 
Report of this analysis were reviewed and are on file. 
4.1. 2 Materials in Struc~ure 
The primary structural material is 606l-T6 Aluminum tooling 
plate (Alcoa Type 200). The scanner housing is fabricated from 
HP-20 grade Beryllium or equivalent. In some low stress areas 
structural parts are fabricated from 1\Z3lB magnesium. 
The magnesium surfaces are finished with DOW-7, and the 
aluminum is finished with Alodine 600. h11ere thermal control is 
required, the surfaces are painted. 
Beryllium is electroless nickle plated. 
4.2 Scanner Subassembly 
An ~~sembly drawing of the scanner is shown in ITT Drawing 
No. 8009201 which is reproduced in Figure 4.2-1. 
4.2.1. Scan Motor 
The 80 pole hysteresis synchronous scan motor was procured 
from Schaeffer Magnetics, I~c., Chatsworth, California. The motor 
is described in ITT Specification No. 8007929. Typical performance test 
curves for the scanner motors are shown in Figures 4.2-2 through 
4.2-5. 
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Figure 4.2-3 
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Figure 4.2-4 
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Figure 4.2-5 
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4.2.2 !Iearings 
The motor shaft bearings are a set of DB duplex bearings 
separated by 2 inch spacers. The bearings are specified in ITT 
Drawing #8007937. Each bearing has a static radial non-brinell 
load capacity of 602 lb. and a dynamic radial load capacity of 
125 lb. for 17,500 hours of operation at 360 rpm. 
An unusual feature of this bearing is the square ball 
pockets in the retainer. It was determined during the SCMR proqran-
that the shape of retainer ball pocket is a major factor influencir 
jitter. Square ball pocket bearings exhibited less jitter than 
round pockets. Based upon that, the AVHRR bearings were procured 
with square ball pockets. 
'rests have shown that b€!arings with improved surface fini~ 
on the races (achieved both by diamond honing by the c:lanufacture= 
and running in at ITT) can perform ~ithin specification when 
lubricated with the proper amount of lubricant. Tests have also 
shown th.:l.t performance is appreciably degraded when too much lubri-
cant is used. 
4.2.3 Bearing Fits 
Table 4,2-1 shows the shaft and housing fits for the 
AVHRR. 
4.2.3.1 Thermal Consideration of Bearing Fit 
Bearing, shaft and housing materials and coefficients 0= 
thermal expansion are noted in Table 4.2-2. The deviation from 
nominal bearing fit ever the temperaturoe range I 0 to +40 oC, is 
considered negligible. 
4-10 
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TABLE 4.2-1 
SHAFT, BEARING, AND HOUSING DIMENSIONS 
ID OD 
Bearing Shaft Bearing Housing I 
1.0623 1.0622 1. 5000 1. 5000 
1.0625 1. 0620 1:""4998 1. 5002 
SHAFT, BEARING AND HOUSING FITS 
ID OD 
-.---
oose Loose Tight Loose 
0.0001 0.0005 0.0000 0.0004 
4-11 
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Item 
Bearing 
Shaft 
Housing 
TABLE 4.2-2 
THERMAL EXPANSION CHARACTERIST!CS 
OF BEARINGS 
t1aterial 
440 C SS 
Inconel X750 
Beryllium 
Coe:ficient of 
Thermal Explosion 
5.6 (10) - 61°F 
6.96 (10)- 6 lOP 
6.4(10) -6 lOP 
With all parts measuring nominal dimensions at 
20°C, the total changes in fit at ±200C from 
nominal will be: 
Change in Bearing to Housing Fit -4.32(10)-5 IN +4.32(10) -5 ::'1 
Change in Bearing to Sha~t Fit -6.13(10)-5 IN +6.13(10)-5 
4-12 
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4.2.> 4 Lubriccltion 
The bearings of the scanner are lubricated with Krytox 
l43_~B. This lw)ricant was selected after evaluating a number of 
lubl~icants and upon the recommendation of GSFe. 
A summary of the pertinent characteristics of KRYTOX 
1431\.3 is shown in the following: 
Weight loss % - 30 days at sooe &10- 6 mm Hg 
Lubricity - cycles - A1S1SSO Block 
150 lb. @ 100 RPM 
Viscosity 32F 
Viscosity 77F 
Viscosity 100F 
Radiation Resistance - min. safe dosage 
.023% 
10 6 + cycles 
140 es 
49 es 
36 es 
10 8 rads 
The amount of lubricant in each bearing is critical for 
achieving prope:r: scanner performance. Nominally, 7 +1 mg of KRYTOX 
-0 
l43i\B is used in each bearing. To achieve this level, IT'l' 
Procedure No. 8008007 is followed for c:leaning and lubricating 
each bearing. 
4.2.5 Jitter 
The current jitter spec calls for: 
"scan line to scan line jitter as measured on the 
leading edge of the synchronization pulse shall 
be less than 1/2 of an IFOV for 98% of the data 
points when data is taken every scan line for a 
20 minute period. 
4-13 
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"The jitter of the synchronization pulse between any 
two scan lines within a 20 minute period shall be within an 
IFOV (34 microseconds)." 
Jitter chdr.'lcteristics of the fliqht model instru-
ments were all within the required specification. Details of 
the tests can be found in the individu.11 instrument test 
reports. 
4. 2.6 Life Test 
A nominal one year life test was run dt ITT on the 
Lite Test ~odel Scanner. The motor survived the life test as 
indicated by its end-of-test performance characteristics. 
LT"'t performance cl\.w.1cteris tics .H-e noted be low. 
Start-ot-Test 
':':0':\5 t Down 1.21 min. 
Jitter-Line/Line 78.7% (witt\ln 8\1sec) 
End-at-Test 
2.25 min. 
99.9% (within 8 :;. 
16 \lsec) 
Torque 3.3 in oz 3~ Drop Out 4.0 in oz at Drop Out 
4 • :~ • 7 Ansular Moment~m 
Angular momentum of the ETM scanner is calculated to 
be 35.8 in. oz sec based upon a measured moment of inertia ot 
.9502 in. oz sec:? ~Iomentum vector direction is .llong y .);..:i9. 
4-14 
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... Boment of inertia was measured with a Model XRSO moment 
of inertia tester manufactured by Space Electronics, Inc. 
4.2.8 Ventinq of the Scanner Housinq 
Because of the limited torque margin of the scanner motor, 
shaft seals are not used. A close clearance labrinth cap does 
cover the shaft clearance through the housing for the purpose of 
limiting the outgassing toward the scan mirror and optics. Details 
of the cap are shown in Figure 4.2-8. 
P. vent hole is included in the motor housing to allow an 
escapl~ path for a.ir during decompression to preclude large volumes 
of air from rushing through the bearings and causing contamination. 
Some concern has been expressed because open vent holes could allow 
lubricant vapor to escape after the instrument is in orbit. ~7hile 
this does not appear to be a problem when Krytox is used provision 
has been made for a fitting to be attached to the vent hole as 
requested by NASA/GSFC. 
4.3 Radiant Cooler Subassembly 
An exploded view of the radiant cooler is shown in Fiqure 
4.3-1. 
4.3.1 Support BodX 
The radiator is supported by nine support rods fabricated 
of glass epoxy composite tubing (GIO Synthane) and stainless steel 
inser·ts, or end caps: 
- pes 2C::" 0.0. x .19" I. D. .. . ~ x 1. 31" total lenqth or .98" thermal lenc:th 
2 pes .25" 0.0. x .19" I. O. x 0.82" total length or 5"" . .. thermal lenc:~h 
5 pes .38" 0.0. x .28 " I.O. x 3.40" total length or 3.15" thermal 1enQtl' 
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The patch is supported by four rods of the same 
materials as above: 
.19" O.D. x .16" I.D. x 3.06" total length or 2.70" thermal lencrth 
4-18 
4.3.2 Detector Location 
The detectors for Channels 3 and 4 are located on the 
patch. A layout of the detectors on the patch is shown in 
Figure 4.3-2. 
.1. 3. 3 Deployable Earth Shield 
The radiant cooler Earth shield is a "one-shot" device 
which will be deployed by torsion springs located at the hinge 
pins. A mechanical latch holds the shield in the closed (un-
deploYE~d) position" Two rotary solenoids are utilized to release 
the latch. Each is independent of the other and each capable of 
unlatching the shield. 
Switches located at both the open and closed positions 
will indicate shield position. 
A positive mechanical stop which is an integral part of 
the radiator will stop the shield in the open position. 
Hinges consist of music wire torsion springs rotating in 
polyirnide bushings. No lubricant is required. 
The shield can be manually closed without the aid of 
special tools. 
In order t~) deploy the shield in a Ig gravi ty fie Id for 
test, the torsion springs develop 162 in. oz of torque of which 40 
in. oz are required to lift the weight of the shield and 2 in. oz 
are required to overcome friction in the bearings. With torsion 
springs designed to produce 162 in. oz torque, the torque margin in 
orbit is greater than 80:1. 
An analysis of the earth shield door motion was made and 
reported in OIR #36. 
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4.3.4 Materials and Finishes in Cooler 
Generally, the major cooler components are fabricated 
from 6061 T6 aluminum. Radiator surfaces are electroplated gold 
and painted black with 3M40:. The back of the patch and the 
surfaces of the gold box are electroplated gold. The earth shield 
is electroless nickle plated and polished optically. Then it is 
coated with evaporated aluminum. Aluminized polyester film multi-
layer insulation is used inside the cooler with polyester mesh 
separators. 
4.4 Optics Subassembly 
4.4.1 Optics Outline 
The optics assembly is shown in ITT Drawing No. 8008030 -
Figure 4.4-1. 
4.4.2 Materials and Finishes Used in Optics 
Generally, 6061 Aluminum is used as the main structural 
material. The corrugated tube in the telescope is invar. Graphite 
filled polyimide is used as the separator material for lens elements. 
4.5 Electronics Package 
4.5. 1 Electronics Package Lavout 
The Assembly Drawing No. 8009235 of the electronics package 
is .shown in Figure 4.5-1. 
4.5.2 Accessibilitv 
. 
All electronics modules are accessible from the Earth side 
of the instrument when it is mounted on the spacecraft with the 
exception of Channels 1 and 2 preamps. 
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4.5.3 Thermal Considerations 
Louvers on the spacecraft platform are used for ther-
mal control. Heat sinks on each PC board conducts the heat 
into the structure of the electronics package. 
4.5.4 Radiation Considerations 
Nominally 1/8 inch thick magnesium plates are used 
for all external walls of the electronics package. This 
thickness will provide adequate radiation shielding. 
4.5.5 Materials and Finishes in Electronics 
The entire electronics package is fabricated from 
AZ31B magnesium with Dow 7 finish. 
4.6 Weight Breakdown 
A weig~: breakdown is shown in Table 4.6-1. 
4.7 Materials 
The ~laterials List has been issued as ITT Drawing :;0. 
8009466. 
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f.1ASS PROFI LE 
ITEM \~E I GHT 
STRUCTURE 6)200 GMS 
SCANNER 4)370 Gr1S 
OPTICS 4)200 GMS 
COOLER 2,575 GMS 
ELECTRONICS 9A33 GMS 
THERf'1AL BLANKET 425 Gr'1S 
TOTAL I H GRAMS (G~1S) 27,198 
EQUIVALENT IN PDS CLBS) 59,96 
TABLE 4.6--1, 
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5.0 . ELECTRICAL SYSTEM 
The basic function of the AVHRR electronics is to provide 
output:s of four data channels in digital form and supporting 
telemE!"i.:ry signals. Given inputs of power, a reference clock, and 
commands, the AVHRR electronics provides the command storage, power 
conversion and regulation, timing and control signal generation, 
a signal amplification, and analog-to-digital conversion necessary 
to perform its function. 
A simplified block diagram of the AVHRR electronics is shown 
in FijJure 5-1. This diagram show.:; the basic functions and inter-
connections of the electronics. 
5.1 Electronic Packaging 
The majority of the AVHRR electronics are mounted on printed 
circuit boards. The following is a list of the AVHRR boards: 
1. Power Converter Assembly in a metal can 
consisting of: 
a. Power Converter and Switching Regulator 
b. Logic Regulators 
2. ± 15 Volt Regulators 
3. 
4. 
5. 
6. 
Command Relay 
Command Relay 
Command Relay 
Scan CClUnt and 
7. Motor i.ogics 
8. Auxiliary Scan 
No. 1 
No. 2 
No. 3 
Decode Logics 
9. Patch Temperature Control and Telemetry 
10. Telemet.ry Board No. 2 
1:. Interface Logics No. 1 
12. Interface Logics No. 2 5-1 
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Figure 5-1 
I 
! 13. IR Post Amplifier 
14. Daylight Post Amplifier 
15. Hultiplexer 
16. Ramp Calibration 
17. Blackbody Hux 
18. Motor Power Supply 
19. Switching Regulator 
20. Ch 3 IR Preamplifier 
21. Ch 4 IR Preamplifier 
22. Daylight Preamplifier 
The first 17 cards listed are mounted as pluq-in units in 
the electronics assembly. 
Items 18 and 19 are mounted in a metal can ~nich is located 
betwE!en the elect:ronics assembly and the scan motor. These t\,'O 
cards are hard-wired inside the can. The entire can assembly is 
a plug-in unit with two connectors, one to the electronics assembly, 
the second to the scan motor. 
The Ch 3 IR Preamplifier (Item 20) is mounted in a metal C.:ln. 
The assembly is mounted outboard of the electronics package. 
The Ch 4 IR Preamplifier (Item 21) is located on the cooler 
vacuum housing in the proximity of the cooler interface headers. 
The preamplifier board is mounted in a metal can. 
TW0 Gayli<}ht preamplifiers (Item 22) are located within 
the optics package with the silicon detectors connected directly 
to the PC board. The board is hard-wired within the optics nodule 
and is provided with copper shieldinn. 
5- 3 
( Break connectors are provided between the electronics 
, 
package and the; wiring required in the remainder of the instrument 
making the electronics package in its entirety a plug-in unit. 
T. final major assembly of the AVHRR electronics is the 
analog-to-digital converter. This unit is located in the electronicS 
~ackage with short connections to the post amplifiers and output 
connectors. 
5.2 Electrical Design Considerations 
The electrical design is to the extent possible based upon 
eXisting designs used on space qualified instruments. Parts 
selection criteria include the use of parts on the NASA/GSFC 
Preferred Parts List where possible and the use of previously 
approved parts where the PPL parts are not suitable. Derating 
of parts is in accordance with the requirements of the PPL and 
consideration of the special environment of the AVHRR. 
5.3 Video Scan Timing 
Figure 5-2 shows the timing relationship of the scene as 
viewed by the scan mirror and the sync pulse which is the time 
reference point. Time intervals of 1 millisecond before and after 
the sync pulse have been provided by insertion by the MIRP of 
coded pre-cursor signals. The tolerance of the viewing times due 
to spacecraft attitude control tolerance are indicated. 
The times indicated on this drawing and times and frequencies 
listed on all other timing diagrams and schematics are based on 
a normal I MHz clock. To obtain actual times the numbers must be 
mUltiplied by 1.0016. To obtain actual frequencies multiply 
numbers of 0.9984. 
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5.4 Power subsystem 
5.4.1 General 
The +28V DC input from the spacecraft is regulated to 
obtain isolation from spacecraft voltage variations, converted 
to develop a system groun~ and re-regulated to obtain noise 
rejection and precision. 
The schematic for the Power Converter and Switching Reg-
ulator Board is shown in rigure 5-3. The schematic for the 
Logic Regulator is shown in Figure 5-4. Both boards are assembled 
in a conetic can with LC EH1 filters on all inputs and outputs 
with the exception of the clock signals. 
5.4.2 Turn on Transient 
Turn on transients are suppressed by limiting the base 
voltage rise time of the input pass transistor Q4 of the PC & SR. 
The changing path is through T2 and R17. This ci~cuit limits the 
surge current into the input filtering. The input switching 
regulators have long time constants on the reference inputs which 
slows the build-up of all the circuits beyond that point. 
5.4.3 ~lectronics Switching Regulator 
Two input switching regulators are provided using Harris 
HA2620 amplifiers as comparators: The circuits a>:e self starting 
and driven by a 62.4 Kh signal for synchronization with the space-
craft clock. A +34V boost voltage derived from the Power Converter 
provides the drive voltage for the pass transistor to provide 
good saturation for minimum dissipation. 
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5.4.4 Power Converter 
Two DC/DC Converters are provided, one powered from each 
Switching Regulator. These circuits establish signal ground 
for the AVHRR and provide the proper voltage inputs to the 
electronics regulators. They are driven converters being 
synchronized with the same 62.4 Kh clock signal as the switching 
regulators. The converters operate from switching regulator 
outputs and therefore the maximum VCE on the converter transistors 
is limited to 44v. 
5.4.5 +5V Regulators 
A switching regulator is used to provide +5 volts for logic 
circuits. The output of the switching regulator directly feeds 
the logic circuits required for motor frequency countdo~~ and the 
input clock circuits. The major portion of the logics is powered 
through a switching transistor from the regulator output. This 
transistor is turned on with the Electronics ON command. 
5.4.6 ± l5V Regulators 
The 15 volt regulators are linear circuits utilizing the 
Harris H.l\2620 I.C. as the voltage comparator. The schematic 
for the ~ l5V Regulators is shown in Figure 5-5. 
Also on this board are the pass transistors for the channel 
enable/disable commands and Electronics ON command. 
The +15 volt regulator uses a +20 volt "boost" voltage from 
the power converter to enable a low input/output differential 
and minimize the pass transistor power loss. The circuit will 
regulate under full load with an input/output differential equal 
to the collector/emitter saturation voltage cf the pass transistor 
which is typically 0.2 volt. 
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5.4.7 Motor Power Supply Switching Regulato= 
The schematic for the motor power supply switching 
regulator is shewn in Figure 5-6. 
The circuitry is similar to the electronics switching 
regulator, the exception being that the motor switching regulator 
Nill regulatE~ at one of two voltage levels selected upon command. 
5.5 Commands and Digital TH 
The following is a list of the presently planned commands 
for the AVHRR: 
I. Scan Motor/Telemetry ON 
2. Scan Motor/Telemetry OFF 
3. Electronics/Telemetry ON 
4. Electronics/Telemetry OFF 
5. Ch I Enable 
6. Ch I Disable 
7. Ch 2 Enable 
8. Ch 2 Disable 
9. Ch 3 Enable 
10. Ch 3 Disable 
lI. Ch 4 Enable 
12. Ch 4 Disable 
13. Voltage Calibrate ON 
14. Voltage Calibrate OFF 
15. Patch Control High Mode 
16. Patch Control Low r-1ode 
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\ 17. CoolElr Heat ON 
18. Cooler Heat OFF 
19. Scan Motor High Mode 
20. Scan Motor Low Mode 
21. Telemetry Locked ON 
22. Telemetry Unlocked 
23. Earth Shield Der·loy 
24. Earth Shield Disable 
25. Patch Control ON 
26. Patch Control OFF 
The following is a list 
executing ~he listed commands. 
Command No. 
1. Scan Motor/Telemetry ON 
2. Electronics/Telemetry 
of the func-c.ions performed by 
FUllction 
Applies Power to: 
1. Electronics sw. regulator 
2. Motor sw. regulator 
3. Power converter 
4. ±lSV regulators 
5. +5V logic reg. 
6. Clock receiver 
7. Motor logic 
8. Analog telemetry circuits 
9. Patch temp. control 
Applies Power to: 
1. Electronics sw. regulator 
2. Power converter 
3. ±lSV regulators 
5-13 
2. Electronics/Telemetry - Continued 
l 4. +5V logic regulator 
5. +5V electronics circuits 
6. Analog telemetry circuits 
7. AID Converter 
8. Scan timing logic 
9. Clock receiver 
10. Motor logic 
lI. Patch temp. control 
5. Ch 1 I:::-:.able If "Electronics ON" has been 
executed - Applies Power to: 
I. Ch I preamplifier 
2. Ch 1 Post Amplifier 
7. Ch 2 Enable If "Electronics ON" has been 
executed - Applies Po",-er to: 
l. Ch .., Preamplifier .. 
2. Ch 2 Post Amplifier 
9. Ch 3 Enable If "Electronics ON" has been 
executed 
- Applies Power to: 
l. Ch 3 Prear:lplifier 
2. Ch 3 Post Amplifier 
11. Ch 4 Enable If "Electronics ON" has been 
executed - Applies Po~.,rer to: 
l. Ch 4 Prea.":1plifier 
2 • Ch 4 Post Amplifier 
13. Voltage Calibrate If "Electronics ON" 
has been executed -
1. Deactivate IR & Daylight 
detectors. 
5-14 
13. Voltage Calibrate (Cont' d) 
15. Patch Control High Mode 
16. Patch Control Low Mode 
17. Cooler Heat ON 
19. Scan Mlltor High Mode 
20. Scan Motor Low Mode 
21. 'I'elemetry Locked ON 
2. Provides simulated earth 
scene and backsc2n video. 
If "Telemetry ON" has been 
executed 
1. Sets patcr. temp control 
point to 1070 K 
If "Telemetry ON" has been 
executed 
1. Sets patch temp control point 
to 10SoK 
If "Electronics ON", "Motor ON" 
or "Telemetry ON" has been 
executed - Applied Power to: 
1. Radiator Decontamination Heater 
2. Patch Decontamination Heater 
If "Motor ON" has been executed -
1. Sets motor sw. regulator 
vol"tage to HIGH LEVEL 
If "Motor ON" has been executed -
1. Sets motor sw. regulator voltage 
to LOW LEVEL 
Applies Power to: 
1. Electronics sw. regulator 
2. Power converter 
3. ±15V regulators 
4. +SV logic regulator 
5. Clock Receiver 
6. Motor Logic 
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21. Telemetry Locked ON (Cont' d) 
7. Analog Telemetry Circuits 
8. Patch control circuitry 
23. Earth Shield Deploy Applies Power to: 
1. Earth Shield Circuitry 
24. Earth Shield Disable Removes Power from: 
1. Earth Shield Circuitry 
25. Patch Control ON If "Telemetry ON" has been executed -
1. Applies Controlled Heat to Patch 
Digital T/H 
The following is a list of the Digital T/M functions: 
l. Scan Motor Status "1" ON 
"a" OFF 
2. Electronics Status "I" ON 
"a" OFF 
3. Ch 1 Status "1" ON 
"0" OFF 
4. Ch 2 Status "I" ON 
"0" OFF 
5. Ch 3 Status "1" ON 
"0" OFF 
6. Ch 4 Status "1" ON 
"0" OFF 
7. Voltage Calibrate "1" ON 
Status "a" OFF 
8. Patch Control Hode "1" lO7 oK 
"a" 1050 K 
9. Cooler Heat. Status "1" ON 
"0" OFF 
10. Scan Motor Mode "I" 
"0" LON' PON'ER 
5-16 
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ll. Telemetry status "1" ON 
"0" OFF 
12. Earth Shiela Status "1" DEPLCY 
"0" DISABLE 
13. Patch Control "1" ON 
"0" OFF 
The schematics for Command Relay #1, 2 and 3 are shown in 
Figures 5-7, 5-8 and 5-9. Command Relay's are P&B HLIID 12VDC 
Latching Type. For Commands and Digital T/H "1" true or O.OV Level "0" 
= False or +5.0V Level. 
5.6 ~nalog TH and Patch Control 
5.6.1 Analoq Telemetry 
The following io a list of the presently planned analog 
telemetry points. 
1. Patch Temperature 
2. Fatch Temperature Extended 
3. Patch Power 
4. Radiator Temperature 
5. Blackbody No. 1 Temperature 
6. Blackbod~' No. 2 Temperature 
7. Blackbody ~To. 3 Temperature 
8. Blackbody No. 4 Temperature 
9. Electronics Current 
10. Hotor Current 
11. Earth Shield Position 
12. Electronics Temperature 
13. Cooler Housing Temperature 
1.4. BaseplateTemperature 
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15. Motor Housing Temperature 
16. A/D Converter Temperature 
17. Detector No. 3 Bias Voltage 
18. Blackbody Temperature IR Ch 3 
19. Blackbody Temperature IR Ch 4 
20. Reference voltage 
The circuitry for telemetry points 1-16 is located on the Patch 
Temperature Control and Telemetry Board shown schematically in 
Figure 5-10 and the Telemetry #2 Board shown schematically in 
Figure 5-11. 
The following is a list of the range and resolution of the 
analog telemetry points. 
1. Patch Temperature 
2. Patch Temperature 
Extended 
3. Patch Power 
4. Radiator Temperature 
5, 6,7,8. Blackbody Temp 
1,2,3 & 4 
9. Electronics Current 
10. Motor Current 
11. Earth Shield Position 
12. Electronics Temperature 
13, 14, 15. Cooler Housing 
~~emperature 
Baseplate Temperature 
Hotor Housing 
Temperature 
Ranqe 
+O.2V 90.70 § 
+5.0V = 115.a K 
+0.2V = 99.4 e 
+5.0V = 316.0 K 
+0.2V = 0.08 MH 
+5.0V = 50.0 ~W 
+0.2V = 148.7 K 
+5.0V = 3l7.3 0 K 
+O.2V - 5.08Gor 
+5.0V = 44.974 6 C 
+0.2V = 39.3 HA 
+5.0V = 982.5 HA 
+0.2V = 12 MA 
+5.0V = 300 MA 
3 Levels 
+0.2V = 38.7'60 
+5.0V - 10.8 ~ 
+0.2V - 33.2~ C 
+5.0V = 3.95 C 
Resolution 
O.1935V/Degree 
0.022l6V/Degree 
0.067V/rnrn at 
32 mw out. 
0.0285V/Degree 
0.1203V/Degree 
5. 088MV /Hilliamp. 
16.6 MV/Milliamp 
+5.0V Open 
+3.0V In Between 
+1. OV Clos~d 
0.171735V/ C 
0.129V/o C 
5-21 
--
o 
.--. 
--.., .. 
u . ! 121 oc 19008 
~~~J .. '~-----.-.:~~~. 
~~4---=+---~~; 
" 
'------6~:-
1 ~l 
I 
~~~~~~~-~~I 
I" ~'1 :£;,;;. .... 
ID 
I ,I 
--
.. 
.. 
• 
5-22 
I 
':i 
-
u. 
L : 14 
I ! I 
.. 
I I , 
i .t~ .. 
. I 
.... 
! ~ ! 
'l; 
~ 
:,.  
. ~
~ 
0 @ ~ 
. ~! , :~ , , 
i~ . , ~ 
~ 
" 
u 5-23 
~, 
16. A/D Converter +0.2V = 84.490 C 0.12V/oC 
Temperature +5.0V = 44.51oC 
17. Detector #3 Bias Volt. 1. 923 = -13V 0.23/V/V 
2.384 = -llV 
18. Blackbody Telnp. IR Ch 3 To be Calibrated* 
19. Blackbody Temp. IR Ch 4 To bE! Calibrated* 
20. Reference Voltage +0.2V = 0.266V 0.750V/V 
+5.0V = 6.657V 
*Range and value of calibration dependent on individual instrument 
calibration. 5Quations derived from EM matched to Calibration 
fz:'om 0 C to 40 Care 
Ch 3 - °c = l.lV2 - 13.2 V + 330.2 
Ch 4 °c = - 3V2 + llV + 302.3 
2000 Ohm ice Point Platinum sensors are used for the 
following telemetry. 
1. Patch Temperature 
2. Radiator Temperature 
3. BB NQ. 1 
4. BB No. 2 
5. BB No. 3 
6. BB NQ. 4 
30K ohm Y.S.I. Thermistors, O.loC interchangeability, are 
used for the fQllowing telemetry. 
1. Baseplate Temperature 
2. A/D Converter Temperature 
3. Electronics Temperature 
4. Cooler Hsg. Temperature 
5. Motor Hsg. Temperature. 
Diodes have been provided on all operational amplifier outputs 
to limit analog telemetry points voltage range to -0.7V to +6.0. 
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5.6.2 Patch Temperature Control 
~ The circuitry for temp. control is shown on the Patch Temp 
Con'erol and 'I'elemetry schematic, Figure 5-10. 
It is a proportional control with a DC output (steady state) 
to aliminate transients. 
The t.ernperature sensor is a platinum resistance unit, Rose-
mount Model. No. l46MA with an. ice point resistance of 2000 ohms. 
This will provide the input amplifier with a low impedance, stable, 
and linear sClt.x-ce wit.!"l a resistance change of approximately 8.6 ohms/ 
degree. 
The heating unit on tne. patch is a high reI. RNR55 2000 ohm 
resistor. 
The opE~rational amplifiers are Harris devices, HA-2700. They 
wc,"e select.ed for the low offset voltage, typically 0.5 mv and 
offset. voltage as a function of temperature typo 0.25 mv from 0 
to 500 C. 
5.6.2.1 Theory and Operation 
The R3, R4 resistors are used to zero the 1st stage amplifier 
offset voltage at +250 C. 
The R6, R7, Ra, combination is tailored to match the platinum 
sensor resistance at 105 and 107 Kelvin. R-2 limits the sensor 
dissipation to the values in the following table and establishes the 
input voltage change to the 1st stac;e amplifier at 12.5 mv/degree. 
Sensor Power Dissipation 
95 0 
1000 
- ~,..o 
.Lv..> 
Sensor Dissipation/mw 
1.31 
1. 41 
1. 50 
1. 59 
3.15 
5- 25 
~ R-5 is selected for a first stage gain of approximately 70 and the 
amplifier output is 0.0 volts at the! selected control point. 
with the 0.0 volt inverting input on the second stage and 
0.134 volt established by RIl, R12 on the non-inverting input, 
the second s"tage amplifier output = (0.34 x 67.6) =9.07 VOC. With 
a 0.6 volt drop across CRI the patch control output is 8.4 volts 
at the selec"ted temp. control point. With the 2.0K heating unit 
on the patch, the patch control circuitry provides 35 milliwattFi 
at 105.0 or 107.0 degree Kelvin. 
"ii'igure 5-12 indicates the deviation in temperature of the 
control point with variations in control heat requirements (35 mw 
nominal) . 
5.6.2.2 Circuit Stability 
The resistor types used in the patch control are Vishay 
S202 high reI units with shelf life and load life data available. 
Calculations from these data indicate that the resistor stability 
is a negligible factor. 
The operational amplifier stability can be related to a milli-
volt/degree factor at the first amplifier input. The typical initial 
offset voltage for the HA2700 is O.S millivolts whicn is compensated 
for at board test. With the loop gain indicated on the schematic, 
a long term offset voltage change of 1.25 millivolts would be 
required to result in an error in temperature control of 0.1 degree. 
The relative location of the detectors, temperature sensor and 
heater is shown on ITT Dwg. #8008799 Detector/Frame Assembly, 
Channel 3 and 4 Figure 5-13. 
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The sensor and heater is located as close as possible to 
the detectors to minimize sensor/detectol-irieater gradients and 
provide the input circuitry with feedback which is a monitor of 
deteGtor tempera1:ure as opposed to the patch temperature. 
5.7 Motor Logics 
The clock receiver arrangement utilizing the Texas Instruments, 
Inc. SN55107 clock receiver, as specified in the GFSC specification 
for an Advanced Very High Resolution Radiometer, is located on the 
motol~ logics printed circuit board. An output of the clock receiver 
is a"\Tailable on Cl connector pin for use in the interface logics. 
The motor c:ountdown logics convert the 0.9984 MHz clock 
receiver signal into 62.4 KHz for use in the switching regulators 
and 240 Hz 2, for use in the motor power supply. 
The 0.9984 MHz input signal is first divided by 16 in a 
ripple counter to achieve the 62.4 KHz signal at pin 9 of A7. 
This signal is then buffered and is available for use in the 
swi tc:hing regula t:ors. 
To obtain t~e 240 Hz 2, signal, the 62.4 KHz signal is 
divided in a series of counters. The first is a divide by thirteen 
count:er which produces a 4.8 KHz signal at pin 9 of A4. This 
signal is then divided by 10 to obtain a 480 Hz signal at pin 9 
of Al. The inverted and non-inverted forms of this signal are 
further divided by 2 in their respective J-K flip flops, and the 
240 Hz 1, signal is present at pins 9 and 12 of Bl. A re~et 
circuit acts as a monostable and supplies a pulse to the clear 
5-29 
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input of one of the J-K flip flops, Bl pin 2. The reset pulse 
insures the proper 900 phase relationship between the 2~ 240 Hz 
output. 
A ~ortion of the scan count logics is also included in the 
motor logics circuit. The time base for scan counting is the 
spacecraft 0.9984 MHz clock. A divide by 100 counter provides 
a 100 ~second (10 KHz) time base for the remainder of the counter 
and dE!coding. 
The counter is designed to count continuously and be reset 
by thE! pick-up sync pulse. The reset logics for the entire scan 
count circuit are on this circuit. 
The final circuit on this board is the sync pick-up circuit. 
There are two magnetic pick-ups in the motor housing which provide 
the inputs to the sync pick-up circuit. 
The HA-2700 operational amplifiers act as level detectors 
and provide logic level pulses to the logic circuitry. The circuit 
is de:signed for redundant operation such that if either pick-up 
fails, a sync pick-up pulse will still be present at the output. 
Drawing No. 8008045 is the schematic diagram of the motor 
logics (Figure 5-14). The motor logics timing diagram is shown 
in Figure 5-15. 
5.8 Scan COUILt and Decode 
The scan count and decode board provides the basic count-
down of the scan period and the decoding of gating signals for 
the AVHRR electronics. The schematic diagram is given on DraT,ying 
8008049 (Figure 5-16). 
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1, A 10 KHz clc)ck from the motor logics is the time base 
for the counter. The first six flip flops are a conventional 
binary ripple counter. The last four counting stages are a 
dividE~ by 13 ripple counter. The counter is designed to repeat 
the sc:an period a1.:ltomatically but is normally reset hy magnetic 
pick-up initiated reset pulse. 
The method of decoding is setting flip-flops at the 
beginning and end of the desired time interval and decoding the 
set ccmc:!ition of t.he first and the reset condition of the second. 
The clock input is always the highest frequency of the decoded 
time, which arrangement when used with a ripple counter, provides 
unambiguous decoding. 
The timing of the normal operation signals is shown in 
FigurEI 5-17. Timing for the vol t~ge calibration signals is 
on Fi9ure 5-18. 
, 
5.9 Output Data Contrul 
The logics for controlling the conversion of Analog to 
Digitall Data and the transmission to the MIRP is shown on Schematic-
Interface Logie No. 1 - 8009206 Figure 5-19 and Schematic Inter-
face 1.ogic No.2 - 8009209 Figure 5-20. The timing for the output 
Data Control is shown in Figure 5-21. 
By specification, the minimum timebetween samples from the 
MIRP can be 25 micro-seconds. With minimum timing, the A to D 
converter operates in the hold or convert mode for 16 microseconds 
and in the track or sample mode for 9 microseconds. For longer 
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OUTPUT DATA 
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Figure 5-21 
, 
1 
\. intervals between sample pulses, the track time is increased. 
~~he sample signal from the MIRP determines the transition from 
track to hold. 
The A 1:0 D converter operates on a basic 3 microsecond 
conversion time. The time allowed for Channel 5 conversion 
is increased to 4 microseconds to min:i..mize the data storage 
and gating circuits required. 
The A to D converter providns for six input data channels. 
The target five channels correspond to the five channels of the 
specification. The sixth channel has multiplexed telemetry data 
,3.nd is switched in under logic control in place of channels 3, 
4, and 5 of the appropriate time in the line scan. 
Three microseconds (4 microseconds for channel 5) after a 
channel is selected a strobe signal is sent to the A to D which 
stores the digitized data in the A to D internal register. The 
data of this point is in Grey code. Within 0.5 microseconds 
the Grey to binary conversion is completed and valid binary data 
is present on the A to D output linE!s. 
The data is later strobed int() an intermediate storage 
register and in sequence to the output register whose outputs 
directly connect to the output drivers for the MIRP lines. 
The following chart gives the timing data for the sequence 
in microseconds with respect to the MIRP select pulse. 
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CH 1 CH 2 CH 4 ·CH··3·". CH 5 ** . 
Analog to Digital 0-3 3-6 6-9 9-12 12-16 
Conversion 
Data in A to D 3-6 6-9 9-12 12-16 16-3* 
internal register 
(Grey Code) 
A to D output 3.5-6 6.5-0 9.5-12 12.5-16 16.5-3* 
(binary) 
Data in Inter- 4-7 7-10 10-15 15-20 20-4* 
mediate register 
(Reg. 1) 
Data in output 5-10 10-15 15-20 20-25 25-5* 
register 
(MIRP Signals) 
* Time of next conversion cyclE~. 
** Channel 5 input is connected to the Output Data 
Amplifier of Channel 3. 
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5.10 Ramp Calibration Generator 
The ramp calibration and simulated calibration functions 
have been combined to have the same digital to analog converter 
be the signal source for both and have the signal control and 
switching only a logic function. Drawing No. 8007963 sheets 1 
and 2 is a schematic diagram of the r~~p calibration generator 
(Figure 5-22). 
The counter for the ramp calibration is a conventional 10-bit 
ripple counter. The outputs are gated to the D tc A converter. 
The systE::m is connected such that E=ac:1 successive scan wi] 1 give 
a one-step voltage change in the direction of increasing radiance. 
This means that the signal will be increasing in voltage in 
channels 1 and 2 and be decreasing in voltage in channels 3 and 4. 
Sinc!:: r:unp calibration signals of both polarities wit~ 
respect to zero radiance are required, a digital offse~ (Binary 
Number 43) is maintained at all times other than ramp calibrati0n 
time. During space look, the data amplifiers will ~e-zero on 
thi~ offset allowing ramp calibrati.on signals of both polarities 
from zero radiance. The following tables will. illustrate this 
further. 
Since the zero radiance voltages were specified at different 
intervals from the limits of the ramp calibration voltage (+0.25 
volts and -0.1 volt) and +6.2 volts and +6.4 volts) the difference 
was split maintaining the 6. 5·.·olt ramp calibration range giving 
a 0.275 volt excursion below minimum radiance. This gives a binary 
value of 1023/6.5 volts x 0.275 volt = 43 bits. 
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The'earth scene during simulated calibration is derived 
from ':l divide-by-3 counter. The three states are decoded and 
gated through the two most significant bits giving signals of 1.626, 
3.253" and 4.879 volts above minimum radiance. 
A test connE~ction has been added to allow three known values 
of ranlp calibration signal to be sequentially gated out when 
calibrating. This signal must be matched to the amplifier gain 
which is a function of detector sensitivity. 
The clock signal for both counters is derived from the 
scan timing logics. 
The D/A Converter is a 10-bit current switching type 
converter. The output of the converter is a positive going 0 
to 10 .. 23 volt ramp consisting of 1023 steps. The output of the 
D/A converter is sent to a unity gain inverting amplifier located 
on thE~ mul tiplexel~ board. These two outputs provide both polarity 
ramp signal for insertion into the data channels as required by 
circuit configuration. 
The ramp calibration generator also provides ± 6.2 volt 
outputs for use as a stable reference voltage. 
VOLTAGE CHANNELS 1 and 2 
+6.475 Channel Ramp Calibration Limit - Binary 1023 
6.39375 A/D Converter Signal Limit 
6.1 Haximum Scene Radiance 
0.25 Zero Radiance - Binary 43 
0 A/D Converter Signal Limit 
-0.025 Channel Ramp calibration Limit - Binary 0 
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+6.475 Channel Ramp Calibration Limit - Binary 0 
6.39375 AID Converter Signal Limit 
6.2 Zero Radiance - Binary 43 
0.3 !1aximum Scene Radiance 
0 AID Converter Signal Limit 
-0.025 Channel Ramp Calibration Limit - Binary 1023 
5.11 Amdliary Scan Timing 
The auxiliary scan timing circuitry is added to provide 
continued operation of the AVHRR in the event of the loss of 
the pick-up signal which synchronizes the scan timing with the 
scan mirror position. 
A block diagram of these circuits is given in Figure 
5-23. The complete schematic is shown on Drawing 8008052 (Figure 
5_24 ). The timing for auxiliary scan operation is shown in Figure 
5-25. Timing signals are generated on the Scan Count and Decode 
Board. 
The circui.t operation is based on the fact that the minimum 
outpllt signal on Channel 3 occurs when the radiometer views space. 
With the loss of the synchronizing pulse, the scan counter period 
is the same as the mirror rotational time but not in synchronism. 
Two ~;amples of the output voltage are taken at time the scan counter 
timing indicates that the instrument is viewing space. From this 
point two different modes of operation ensue. If in the remainder 
of the scan a signal level lower thi3.n the average of the two samples 
is detected, the scan counter is reset. When the cold target 
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l" 
whi.ch causes the reset is space, the reset places the counter 
wit,hin a few mi.lliseconds of the correct point. This operation 
is performed only every l28th scan to allow the data amplifier 
to settle with the new reference. When the scan counter is near 
synchronis~i a logic gate inhibits this circuit while the mirror 
is viewing space on the trailing edge of the earth view. 
For finer positioning, the relative amplitudes of the 
two samples are compared. An up-down counter sums the net number 
of differences over sixteen scans. If a sufficient unbalance 
exists, the logic will cause a 40 KHz cleek signal to be added 
or omitted, depending on the direction of unbalance. The counter 
limits are unbalanced in an attempt to cause the samples to go 
to the early portion of the space view as in the normal scan cycle. 
5.12 Ch 3 Data Amplifier 
The schematics depicting the Channel 3 amplifier chain 
are shown on Drawing 8008101 (Figure 5-26) and Drawing 8008078 
(Figure 5-27). 
The preamplifier has a positive and negative voltage 
regulator to provide additional regulation for the detector bias 
and to provide power supply isolation from the remaining electronics 
for these low level signals. 
The input stage of the preamplifier is a differential pair 
consisting of transistors 05 and 07. Transistor Q4 provides a 
constant current source for 05 and 07. The detector signal is 
inserted at the base of 05. Stage feed-back, zero-reference feedback, 
ramp calibration signals, and a DC offset signal are all summed at 
the base of 07. This transistor circuit provides an open loop 
gain of approximately 2500. Amplifier U3 is included in the 
first stage to provide a singl~ ended output for the signal. 5-50 
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Amplifier U4 is an additional stage of voltage gain. 
Transistors Q3 and Q6 perform the function of shorting 
out the detector bias and the offset bias when operating in 
the Voltage Calibration mode. The removal of bias from the 
detector effectively eliminates the detector signal. The offset 
bias is simultaneously removed to allow the zeroing reference 
circui t t.o operate at close to normal operating conditions. 
The first two post-amplifier stages comprise the pre-
sampling filter. This filter is .:! four pole transitional Butter-
worth Thomas filter. The rel~tive frequency response curve for 
the filter is shown in Figure 5--28. The two filter stages give 
a DC gain of approximately 9 to the chain. An additional stage 
provides additional gain and a relatively wide band output stage. 
A unity gain amplifier is used to provide a buffered output to 
the test connector. 
The final amplifier output (inverted) i.s sampled through 
a FET and fed back to the preamplifier. This signal is stored 
in capacitors Cl4 through Cl8. This signal is fed back to the 
preampl~fier input stage through amplifier U5 which is an FET 
input amplifier operating as a low pass amplifier. This amplifier 
is operated as a non-inverting amplifier providing feedback to 
the inpu't during the sampling interval. 
Sampling time constants are selected such that the amplifie: 
output can be restored to zero during the 2 millisecond sampling 
time. The DC gain of the U5 amplifier stage allows correction 
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'of DC offsets with very low DC shifts in the output signal. 
A significant amount of tailc)ring is required in the 
Ch 3 amplifier to match the possiblE!' detector responsivity,and 
bias currents. Provisions are made in several of the ampli£ier 
stages for a systematic adjustment by tailoring of gain with 
fixed resis,t;ors. The ramp calibration signal must then be 
tailored inversely to the overall amplifier gain. 
Individual amplifier stages are design~d _or essentially 
flat frequency response (except for the filter stages) through 
the cut-off frequency. For board t:est the combined gain of the 
preamplifier and post amplifier will be set at approxinately 
50,000 which is more than any anticipated requirement. Any 
tailoring will then be a gain reduction which will not have an 
adverse affect on frequency response. 
5.13 Channel 4 Amplifier 
The schematic for the channel 4 preamplifier is shown 
on 8009217 (Figure 5-31). The channel 4 post amplifier is 
physically located with the channel 3 post amplifier (Figure 5-27). 
The channel 4 preamplifier is a current to voltage con7erter 
with a high (16 meg) feedback resistor for low noise operation. 
The detector is maintained with a lcw back bias for minimum 
detector noise output. This bias is tailored to match each detector 
ThE~ Post Amplifier is identical to the Daylight Post Anpli.fie 
5.14 Daylight Amplifiers 
The schematics of the daylight amplifier systen are srown 
in Drawing 8008130 (Figure 5-29) and Drawing 8008096 (Figure 5-3~) . 
The amplifiers for channel 1 and channel 2 are identical except for 
the tailoring required to match detector responsivity. 
The preamplifiers are located in the optics module with 
the detectors directly connected to the preamplifier terminals. 
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The detectors are operated in biased mode as a current source. 
A 4 megohm feedback. resistor is used to minimize noise current. 
The post amplifiers for the daylight channels are essentially 
the same as the post amplifier for channel 3. The space sample 
for the zero reference is fed back to the input stage of the post 
ampli.fier. The ramp calibration signal is summed in at first post 
amplifier stage. A FET is used to short out the preamplifier 
signa.l during the Voltage calibration mode of operation. 
5.15 Hultiplexer Board 
This printed circuit board contains the multiplexer for 
the 6th input channel of the analog-to-digital converter, the 
blackbody temp. IR TM circuits, and over·-temperature monitor 
circuits for the patch and radiator. 
The multiplexer consists of five rET switches feeding amplifier 
U3. The logic timing signals for control of the FE~'s are generated 
on Black Body Mux board. The four Black Body TM signals are 
sequenced in the same time position on a line scan basis. During 
the fifth line scan, none of the signals are gated providing a 0 
volt m~rker in that time position. The low range patch temperatur~ 
is the other multiplexed sign~l. 
The black.body temp - IR telemetry signals are two identical 
sample and hold circuits (amplifiers U12 and U13). The sample· logic 
signal is generated on the Scan Count and Decode board and is to 
provide a sample of the two IR channel outputs at the time the 
scan mirror has a full view of the internal calibration target 
(internal blackbody). 
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The patch and radiator temperature! TM voltages are fed 
to aouplifiers U6 and U8 operating as comparators with a reference 
voltage. The amplifier cutputs drive switching transistors in 
the patch and radiator heater circuits to remmre power if the 
temperature exceeds the allowable fiqure (currently 40oC). 
The schematic diagram for this board is shown in Figure 
5-32. 
5.16 Black Bodv Mux 
+ 
A logic divide by five counter of the BB Temp (logic) 
sign2;1 with four of the counter states decoded provide the logic 
control signals for the time mUltiplexing of the four Black 
Body TM signals. The fifth undecoded state provides the marker 
scan .. 
Individual transistor Q2 and Q4 are used to drive each Earth 
ShieId deploy solenoid. Feedback from the shield position swi tC!:8S 
remove transistor drive current through amplifier U6. The Earth 
Shield Disable removes all power from these circuits. An R-C 
delay in the base circuit limits the input current surge. See 
Figu::e 5-33. 
5.17 b1otor Power Supply 
The motor power supply converts +22 volts DC (high power 
mode) or +18 volts DC (lowpdwer mode) into a two-phase 240 Hz 
square wave to drive the 80 pole scan mirror motor. The circuit 
i~ a conventional bridge switching inverter. Drawing No. 8007941 
is t~e sehemat.ie diagram of the motor power supply (Figure 5-34). 
The input signals from the Metor Logics circuit ."\re AC 
coupled for ground isolation. The HA2620 operational amplifiers 
act as comparators. and provide sufficient drive for the primary 
circuit to insure saturation of the inverter transistors. 
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5.18 Power Profile 
Figure 5-35 depicts the power usage under the mode 
0: operation indicated. 
5.19 Interface Connectors 
Table 5-1 lists the connections and type of connectors 
for the AVHRR Electrical Interface. 
5.20 Electronics Drawings. 
Table 5-2 is a list of the drawings for the electronics 
printed circuit boards. 
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POWER PROFILE 
''In,,...rlfHJ 
rUl'tvl. '&''''11 I rOW-:R I NORMAL 'OPERATION IT"ELEMETRY Mar OR COOLER I INSTRUHENT 'I I ONLY ON HeATER I OFF 
AtlAl.OG TELEMETRY 
-I 
1.89W I x x x x 
A-D & ELECTROIHCS ** 12.91W x 
SC/\N HctrOR HIGH 4.48W x x 
r SCAtl ~~I 'TOR LOW 3.67W x 
HOTOH. LOGIC 1. 3W x x x x 
CHANNEL 1 
.84W x 
CHANNEL 2 
.84W x 
CIIAIH1EL 3 1. SW x 
CllANtIEL 4 1.16W x 
GOOLER HEATER 24.6W x 
COOLER COVER DEPLOY 56.9\lk 
~AtmIW HEATER I . r x L~~~'~~~--__ -------t_~22~.:~U~W~*~*-*il**:~~;--r-=~ - !6.86W or. I, 27.79W 
**24.92W 3·l9W 7.67W 
* Required on~y voce for a period of approximately 1 sec. 
** Measured PFMvalues. ETM total was 2S.S1W. 
*A~'Supplied from Tee - not from +28V buss. 
\~. c. :- C, ;-..J.J 
22. gW*** 
UI 
I 
LlI 
(j\ 
NO. 
,Jl 
J2 
,n 
,J4 
J5 
J6 
J7 
J33 
Table 5-1 
FUNCTION 
Conunan'd 
Digital TM 
Power 
Analog TM 
Clock 
Data Processor 
Test 
Pulse Load Heater 
/', •. -- . 
Interface Connectors 
GSFC STYLE DESCRIP'PION 
31lP405-4P-C-12 37 Pin Male 
311P405-3S-C-12 25 Pin Female 
311P405-3P-C-12 25 Pin Male 
3l1P405-4S-C-12 37 Pln Female 
31lP405-1P-C-12 9 Pin Male 
311 P405-2P-C-l2 15 Pin Male 
31lP405-5S-C-l2 50 Pin Female 
311P405-1S-C-12 9 Pin Female 
Jl COMMAND 
~ PIN NO. FUNCTION 
1 Elec/Telemetry On 
2 Elec/Telemetry Off 
3 Motor /Telemetry On 
4 Motor/Telemetry Off 
5 Telemetry Not Locked On 
6 Telemetry Locked On 
7 Channel 1 Enable 
8 Channel 1 Disable 
9 Channel 2 Enable 
10 Channel 2 Disable 
11 Ch?.nnel 3 Enable 
12 2hannel 3 Disable 
13 C!1annel 4 Enable 
14 Ch~nnel 4 Disab le 
15 ~lotor Low Power 
16 t-Iotor High Power 
17 Patch Low 
18 Patch High 
19 
20 Patch Control Off 
21 Patch Control On 
22 Earth Shield Disable 
23 Earth Shield Deploy 
24 Cooler Heat Off 
25 Cooler He.:lt On 
211" Vol t."1q0 Calibrdte Off 
Vol t.1q(; Cllibra.te On 
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Jl COHMAND (Continued) 
PIN NO. FUNCTION 
28 
29 
37 Chassis Ground 
5-e S 
,l 
'0. 
PIN 
1 
:2 
3 
.\ 
') 
0 
7 
8 
9 
10 
11 
12 
1 3 
l4 
) -~J 
NO. 
J2 DIGITAL 'l'H 
FUNCTIO:-i 
Earth Shield Status 
Patch Control Status 
Patch Mode Status 
Motor Mode Status 
Voltage Calibrate Status 
Cooler ~eat Status 
EI~ctronics/Telemetry Status 
t1otor /Te leme try Status 
Telemetry Lock Sta tus 
Channel 1 Status 
Channel 2 Status 
Channel 3 Status 
C~1annel 4 Status 
Chassis Ground 
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J3 POWER 
PIN NO. FUNCTION 
1 +28V Buss 
2 +28V Buss 
3 +28V Buss (Motor) 
4 +28V Buss (Motor) 
5 Power Ground 
6 Power Ground 
7 AC 28V Return 
8 AC 28V Return 
9 +10V Buss 
10 +10V Buss 
11 +5V Buss 
12 +5V Buss 
13 Interface Power Ground 
14 Interface Power Ground 
15 Signal Ground 
16 Signal Ground 
17 Chassis Ground 
18 Chassis Ground 
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1'1 N N(l. 
,I 
" 
\, 
" 
, 
11 
\ .~ 
1 ' , , 
1 ,I 
I', 
\ " 
\ " 
\'\ 
.' I 
I' 
FtlNC'l'!\)N 
, " 
!',It,~h 'l'< '1\\ I' 'l'H I., '\oJ \,.11)<]<' 
(',It,-ll ';'l~lllP '\'", l,:~t H.ln'll' 
n l.h~\.;, n,)dy #l T~' 
131.h,'\';' lhhly ~~ 'l'H 
B 1.",-\.;, 11<)dy #3 n, 
l\ I,h~k H,)dy #4 '1'1'1 
~Iotor C\lrr01lt. 1'1'\ 
n,I:;,' l'I,lt,' 'r"tn!'. '1'1'1 
'1',,\ 
:.i-'ll 
J5 CLOCK 
PIN NO. FUNCTION 
1 Clock - Ref 
2 Clock 
3 Clock Shield 
4 Chassis Ground 
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J6 Dl\Ti\ Pl{OCESSOR 
PIN NO. FUNCTION 
-----
---' 29 1 MIRP Data ( 
Y "." 
28 2 MIRP Datil 
3 27 MIRP Data 
4 2 6 MIRP Data 
5 25 MIRP Data 
.6 24 MIRP Data 
7 2 3 MIRP Data 
8 22 MIRP Data 
9 21 MIRP Datu 
10 20 MIRP Oil ta 
11 Chassis Ground 
12 Sump1e Pulse From MIRP 
13 Chassis Ground 
14 Sync Pulse 
15 Chussis Ground 
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J7 'rEST 
PI:~ NO. 
I ----
'll.. 
1 
FUNCTION 
Test - Pick-up loss sim. 
~ Ramp Cal. 3 level 
3 Ch. 3 Test 
4 Ch. 4 Test 
') Ch. 1 Test 
0 Ch. 2 Test 
7 REf. V Test Point 
8 Pick-up n Test 
<) Pid-up #~ Test 
10 -lSV Test 
11 +lSV Test 
1.' l~lock Rcvr Test 
1 -' ::;~)lenoid +28 
1-1 
1; 
17 Sync Pulse 
'-
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l 333 - PULSE LOAD HEATER 
PIN NO. FUNCTION 
1 Pulse Load Heater 
2 Pulse Load Heater Ret. 
3 Temp. Control Sensor 
-1 Temp. Control Sensor 
5 
6 
7 Chassis Ground 
8 
9 
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6.0 RADIANT COOI,ER 
The radiant cooler has a simplicity of design (Figure 
6.0-1) that reflects the advantageous orbit and the absence of 
spacecraft extensions in the anti-sun direction. It is a 
cllnservati ve design that employs proven h.ardware and techniques; 
there is ample cooling margin for both temperature control and 
possible thermal degradation. The specific requirements imposed 
on the detector cooler are as follows: 
a. The cooler shall be mounted on the anti-sun side 
of the space vehicle and shall look into a hemi-
sphere (of cold space) except for the solid angle 
subtended by the earth. The cooler must be shaded 
from earth radiation. 
b. The nominal temperature of the infrared detectors 
shall be actively controlled at either 105K or 110K 
(selectable by command). At the beginning of orbital 
life, the uncontrolled temperature shall be 95K or 
less. 
c. During acquisition, the cooler field of view can 
sweep through the sun at a rate of 0.5 rpm for an 
undeterminate period. The cooler must operate with 
no degradation after this exposure. 
We have assumed the earth shading requirement (a) applies to 
the patch or second stage of cooling and that the nargin require-
ment (b) applies to the nominal orbit (450 n mi altitude and 
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37.5° orbit normal to sun angle). The earth shield will be 
used as a protective cover during acquisition: exposure is limited 
to the shield cover, which reaches a maximum temperature of about 
DoC during a continuous 0.5 rpm sweep through the sun (Section 6.5). 
The design of the radiant cooler is described in detail 
in S4=ctions 6.1 through 6.4. The performance is analyzed for 
the nominal condition and for variations in the orbital parameters. 
The anticontarnination provisions to protect both thermal and 
optical surfaces are described in Section 6.6. Because of the 
relat.ively large amount of thermal loading through the optica.l 
port to the cooler, we have established detailed models that have 
been verified by thermal tests (Section 6.7). 
The nominal in orbit characteristics of the cooler are 
sUITmarized in Table 6.0-1 and 6.0-2. 
6.1 Field of View 
The hemisphere above the cooler patch is cold space except 
for the earth. As a result, any point on the patch can be shaded 
by a semicircular shield that matches the angle subtended by the 
earth and any vs=tical line by the semicircular shield for its 
top point. The smallest shield for the entire patch is then 
obtained by translating the latter shiE!ld along the horizontal 
dimension of the patch. We have modified this shield ~nd increased 
the shading of the radiator by the use of small vertical sides. The 
maximum angle subtended by the earth is the solution to sin 
Pm =, ~/~ + h, where ~ is the equatorial earth radius (3444.3 
n mi) plus the tropical atmospheric height (9.1 n mi) and h is 
6-3 
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Table 6.0-1 Nominal Characteristics of the Radiator 
Temperature (a) 
Power radiated (a) 
Radiating area 
Conductive input (a) 
Insulation input (a) 
Earth input 
Covers input 
Optical port input(a) 
dT/d~(b) 
(a) For housing at 25°C 
170.6 K 
1. 66 W 
55.2 in 2 
0.195 W 11. 7% 
0.592 35.6 
0.210 12.7 
0.388 23.4 
0.275 16.6 
2.05 K (0.1 W)-l 
(b) Rate of change of temperature with input power 
at temperature shown. 
Table 6.0-2 Nominal Characteristics of the Patch 
Ternperature(a) 
Power radiated 
Radiating area 
Conductive input (b) 
Insulation input (c) 
Joule heat input 
Optical port input 
Shield input 
Control power 
dT/d~ 
(a) Nominal control point. 
105 K 
96.6 mW 
22.4 in 2 
10.0 m\'l 10.4% 
15.4 mW 15.9 
2.3 mW 2.4 
25.3 mW 26.2 
9.1 m\'i' 9.4 
34 . 5 mW .3 5 • 7. 
0.31 K (mw)-l 
(b) Including effect of support shields 
(c) Radiative decoupling 
6-4 
... 
the spacecraft altitude (450 n mil. a The solution is B = 62.20 . 
m 
The actual shield completely covers 63.79°, which leaves a margin 
of 1.590 for spacecraft wobble (1 0 ) and cooler alignment. 
6.2 Shield 
Figure 6.0-1 shows the radiant cooler shielded designed 
fc)r use at an altitude of 450 n mi. The shield completely 
shades the patch (second stage of cooling) from the earth. 
6" 2.1 Cover ']~emperatures 
Both the vertical and horizontal earth shiel~s are 
insulated from external inputs by shield covers. The three 
optically polished shields are thermally ana mechanically 
connected. However, the two vertical covers are not connected 
to the horizontal cover. The cover temperatures are listed in 
Table 6.2-1 for the range of sun angles (6 ) at the 450 n mi 
s 
altitude (see memorandum of May 2, 1974). 
The thermal balance equation that determines the tsmperature 
Tc of a cover is given by 
4 
t: c; T 
c c 
where e: 
c 
CL 
c 
Fcs 
= emissivity = 0.72 (silvered Teflon) 
= solar absorptivity = 0.08 
= view factor from cover to earth; . 2 _ sJ.n ;:)e 
1 for a hor.izontdl cover and -rr -- (Se' cos 
Be) for a vertical cove~, where Be (62.17°) 
is the mean angle from !1adir to the ea:::-th-
tangent line. 
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Table 6.2-1 Shield Cover Temp2ratures 
65 vertical Horizontal 
00 167.8K 232.0I~ 
27.83 187.4 241. 9 
37.5 190,,1 238.6 
67 19S.6 238.7 
Table 6.2-2 View Factors from Radiator to Earth 
Element Weight* Fie 
a 0.1046 'J.Oll 832 
b 0.1046 0.012 734 
c 0.1345 0,013 825 
d G.1345 0.075 471 
e 0.05575 0.002 673 
f 0.12485 0.037 845 
g 0.3412 0 
Radiator 1 0.019 454 
*Rela~ive area. 
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til mauee" .1.. ..\"; i.\LJ.Jil¥1JJ4:;:.":BJ4iMI411iU"'" 
<sin i> .:: orbital average of the solar incidence 
angle, taken to be zero when the cover is 
shaded from direct sunlight; 1 sin 6
s 11" 
(1 + cos 6u
e
) for a horizontal surface and 
1 
211" 
sin 6
s 
(1 + cos 6u
e
) for a vertical 
surface. 
= arccos (cos 6 /sin 6 ); zero when sin 6 < cos ~ , 
e s s- e 
i.e., when the spacecraft is in direct sunlight 
throughout its orbit. 
= infrared exitance of earth = 2.1 x 10- 2 v-rcm- 2 
s 
o 
= 
= 
reflected solar exi tance of eart.h = 
-2 -') 1.68 x 10 sin 6
s 
Wcm ~ 
solar constant - 0.14 wcm- 2 
The equation for Wr is derived in Appendix I to Part I 
of the Final Report on Contract NAS5-l0ll3 (Dec. 1967). 
6.2.2 Shielding and View Factors 
Figure 6.2-1 shows the projection of the shielded onto 
the scan earth disk as seen from an upper corner of the patch 
(i.e., f~om the most difficult point to shield). The shading 
from the earth is complete up to a disk angular radius of 63.79 0 • 
The view factor F
re 
from the black radiator to the earth 
was determined by divid.ing the radiator into 14 elements, as 
shmvn in Figure 6.0-1. By symmetry, there are seven elements 
are shown in Figure 6.2-2. The view factors were calculated 
by means of the contour integral technique (R. V. Annable, Applied 
Optics, Jan. 1970 and July 1972). The results are given in Table 
6.2-2. 
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The view fac:tor F ps from the patch to the shield was 
calculated in two parts. First, the view factor to the 
horizontal shielded was calculated using view factor algebra 
and the formula for two perpendicular rectangles with a cornmon 
boundary (ED M. Sparrow and R. C. Cess, Radiation Heat Transfer, 
Brooks/Cole, 1966, Section 4-3). The result is 
F = 0.37161 psl 
Secondly, the view factors to the vertical shields and their 
specular images in the horizontal were calculated from the 
center of the patch by the contour integral technique. As shown 
in Figure 6.2-J, each vertical shield and its ccmplte specular 
image can be seen from the patch center. By symmetry, the view 
factors are the same to either vertical shield. The results are 
F = 0.00359 to shield ps2 
Fps2 = 0.00339 to shield image 
Finally we determine an effective view factor that can be 
used directly in the design equations. 
F = F 1 + 2F 2 + 2 (1 - £ ) ps ps ps s 
It is given 
Fl 
ps2, 
by 
where (1 - E ) - 0.965 is the reflectivity of the horizontal 
s 
shield. 
The result is 
F = 0.3853 ps 
6.3 Radiator 
The radiator and earth shield have a temperature T that 
r 
is the solution to: 
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where -P 
ab 
e 
r 
-P 
a 
i 
-Per 
.~ 
cr 
e: 
a 
1'1 
r 
= ~er + ~cr + ~i + ~k + ~o 
= r':ldiant pc --ler from a that is absorbed in b 
= earth (infrared and reflected sunlight) 
::: black radiator, c - shield covers 
= input from instrument through a 
::z multilayer insulation; k :. supports and wires; 
o = optical port 
= ~'1 +Cl W)A err r 
4 
(T 4 -T ) + K 
c r c (TC -Tr ), for each cover = 
= view factor from a to b; Aa = area of a 
= ~nissivity of a; a = solar absorptivity of a 
-2 -2 
= earth i~frared exitance = 2.1 x 10 Wcm 
= earth reflected sunlight exitarice 
= 1.68 x 10- 2 sin Ss wcm- 2 ; Bs = orbit normal 
to sun angle 
Ac (horizontal) - 104 in2 ; Ac (2 vertical) - 7.5 in 2 
F 
re 
= 
= 
= 
= 
0.01945 (Section 6.2) 
a = 0.97 (honeycomb cavity array covered 
r 
with black paint) 
2 £c -1; £c = ~issivity of gold plating 
on facing surfaces of shield and cover = 0.035. 
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KC = thermal conductance of supports between shield 
and cover 
= 
= 
':>i = 
= 
2.88 x 10-3 \'lK- l (horizontal), 
1.44 x 10- 3 WK- l (2 vertical) 
crA. 
1 
Si 
4 4 
(Th -Tr ); Ai = 115 in
2 ; Si = 50 
instrument temperature 
Kr (Th -Tr ); Kr - thermal conductance between ]. 
hand r = i.14 x 10- 3 WK-
fo = 0.257 (Th = 20
oC) 0.275W (250 C), 0.313 W (350 C); 
Because the thermal time constant of the radiator-
shield is much greater than an orbital period, orbital averages 
are used for the earth inputs. The insulation factor of 50 
is the minimum expected and was achieved on the ETH. 
The thermal conductance Kr between the housing (main 
instrument) and the first stage of cooling consists of 1.35 
x 10- 3 WK- l from the synthane support tubes and 0.18 x 10-3 
WK- l from the following electrical co~nections: 
Quantit:i Diameter (inch) Material 
2 3.9 x 10-3 
10-3 
copperj 
To radiator 
4 3.0 x Chromel components 
2 5.0 x 10-3 Chromel 
-3 
4 3.0 x 10 Chrom"} 
2 3.9 x 10- 3 Copper To patch 
10-3 
components 
4 2.0 x Nickel 
All the electrical connections have a conductance length of 
3.15 inches. 
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~rable 6.3-1 shows the radiator temperature range of the 
450 n mi altitude. The housing temperatures (Th ) are estimates 
based OIl the thermal analysis. 
27.83 
37.5,t 
67 
Table 6.3-1 Radiator Temperature Range 
35 
25 
20 
165.6K 
173.7 
170.6 
170.1 
* Nominal orbit: (8:30 AM or 3:30 PM). 
6.4 Patch 
The thermal balance equation for the patch is 
where p = 
s = 
k = 
i = 
= ~s + 
patch 
earth shield (upper 
thermal conductance 
¢. 
l. 
+ ¢I. 
J 
side) 
including 
+ .:-
c 
the 
radiative inputs from the support 
gold-to-gold radiative insulation 
influence 
shields 
of 
j = joule heat of detectors and temperature sensor 
0 = optical port 
¢ A F T 4 = a €: e: c· p s p ps r .. 
~k = M K ( ']~ -T ). M = dual mode multiplier p r p , 
aA. 
(T 4 4 2 ~. = l. -1 -T ). Si = J. S. r p , €: • 
l. l. 
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~, 
J 
<1>0 = 
= 
= 
= 
= 
= 
= 
2.3 x 10-3 W 
2.30 x 10-2 W (B
s 
= 0°); 2.83 x 10-2 W (27.83°); 
2.53 x 10-2 W (37.5°); 2.41 x 10-2 W (67°); 
0.97 (black paint on honE!ycomb cavity array) 
0.035 (vacuum deposited clluminum) 
0.035 (gold plate) 
22.4 in2 ; Ai = 32.6 in2 
0.3853 (Section 6.2) 
1.1875 x 10-4 WK- l ; M = L 28 
The thermal conductance Kp between the radiator and ratch 
consists of the following connections: 
QLlantity Diameter (inch) Leng"t:h (inch) Material 
4 3/16 x 5/32 2.70 G-10 synthane 
4 0.002 2.70 nickel 
4 0.003 2.70 chromel 
2 0.005 2.70 chromel 
The dual heat mode multiplier M was calculated using the approach 
described in the memorandum "Combined Radiative and Conductive 
Heat Transfer in the Patch Supports", from Contract 5-21651. A 
shield emissivity E:s of 0.035 was used in the calculation; and the 
analysis was car:t'ied out for the case T s = T r (i. e., the thermal 
gradient was evaluated a x = .e.). 
The above equation does not include the input present 
during chamber testing as a result of reflection of the radiator 
power from the cold space target. Based on thermal tests and 
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their analyses, we estimate this input to be given by 
T 4 4 
r 
7 5 10-3 • x IV 
164 
for the 22.4 in2 black radiating area. 
The solutions to the patch thermal balance equation 
are listed in Table 6.4-1. In the nominal orbit, the tempera-
ture margin is lO.lK at the l05K control point. The corresponding 
control power is 35.7% of the total patch load. Or, stated 
another way, all other thermal inputs would have to increase 
by 55.5% in order to use up the margin. 
6.5 Solar Ey.posure 
If the cooler sweeps through the sun during acquisition, 
both the patch and radi~tor will be protected by the shield/cover. 
The exposure is therefore limited to the (horizontal) shield 
cover (which is in a vertical position during storage). The 
worst case is when the sun sweeps through a plane perpendicular 
to the plane of the shield cover. Even then, as shown by the 
following analysis, the shield cover has a worst case average 
temperature of only -O.50 C and a worst case maximum of -O.2oe. 
Duri.ng this period, the cooler tempera1:ure willthen be regulated 
at 40 0 e by the outgassing power circuit. 
We may treat the shield cover as thermally isolated from 
the instrument. Its thermal balance e(':uation is then 
cr + 
dT 
d"t 
Cl 
= W rm 
6-16 
Table 6.4-1 Patch Tempe~ature Range 
Ss Tp (space) T (chamber) p 
00 92.8K 95.5K 
27.83 96.7 99.6 
37.5* 94.9 97.8 
67 94.3 97.2 
* Nominal or.bit. 
Table 6.4-2 Other Patch Parameters 
flTp/l:.4> 0.34K/mW @ 94.9K, 0.31K/mW @ 105K 
Nominal margin 10. lK, space; 7.2K, chamber 
Maximum margin l2.2K, space; 9.5K, chamber 
Minimum margin a.3K, space; 5.4K, chamber 
- -~ .-
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1 where e: = 0.72 is the er.-.issivity of the cover and CL = 0.08 the 
solar absorptivity. The cover is treated as a plate of thickness 
8. density p, and specific heat c. Hs(t) is the solar irradiation 
as a function of time. For the sun in a plane perpendicular to the 
radiator, Hs(t) is a train of cosine pulses given by 
H (t) = 
s 
2 [ 1/2 + Re ~ cn exp (jwnt~ n=l IJ 
where So is the solar constant, Re is real part of, and 
_1(_1)n/2 
2 
n -1 , n = 2, 4, 6 • 
= 
27m 
p 
1 
-p""--- = frequency of rotation (0.5 rpm). 
WE~ is the infrared exitance of the earth (Section 6.2.1), and Wrrn 
is the maximum reflected solar exitance. TV' is given by (Appendix 
rrn 
I to part I of the Final Report on Contract NAS 5-10113, Dec. 1967) 
\'J cos = 
2 S . 
e 
rrn 
L -SIN Se 
where A = 0.4 is the average solar reflection factor for the 
ea.:-th. 
Thp- worst case orbit is then Ss 
-2 
::. 4.86 x 10 H 
em 
-2 
= 67 0 , so that we have 
The steady state solution to the above differential 
4 a 
equation is d'To = So and yields the average radiator 
temperature of To = 272.7K - -O.SoC. For small temperature changes 
about To we !!lay nm., lineariz~ the equation by means of T - To + (l'T 
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and extract the equation of the tranSiE!nt solution 
3 d (~T) 
4crT ~T"" a dt 
o 
where a = 
~T(t) = 
& /E. The solution is pc 
a S 
o 
21T<J ETO 
3 
3 Re E 
C E~XP \ j wnt ) n 
1 + jw 1" 
n 
where '( = a/4oET
o 
is the thermal time constant. For a 0.03 inch 
aluminum plate (p = 2.7 gros/cm3 , c - 0.895 joules/gmOC), we obtain 
'( _. 10.34 mins. Takin.g the real part of the sum, we obtain 
S 00 C 0 n sin ~T (t) 3 L 2 2 (cos t +w 1" = wn 
41T<J ETO 1 1 + n n = w T n 
ThE! maximum value of uT (t) occurs at t = 0.19 P when t = 0 is the 
point of zero solar incidence angle. The resultant value is 
The peak difference from average is reached about 55 0 of rotation 
af1:er normal incidence and is very small compared wi th the average 
ternperature. The maximum temperature, in fact, is only -0.2oC. 
6.6 Anti-Cont:amination Provisions 
The radiant cooler is designed to prevent optical or 
th~~rmal contamination by either the cooler cOr.lponents themselves 
or by the instrument/spacecraft atmosphere. Specific provisions 
are (1) conditioning and de-contarninat.ion, (2) elimination of 
w -::.). 
r.. 
internal outgassing paths, and (3) positive protection of sensiti~e 
areas. 
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f To outgas the cooler and prevent condensation of 
e~:ternal contaminants from the instrument and spacecraft, 
the cooler will be heated to approximately 40 0 C for an extendec. 
pE~riod after acquisition. The same heaters will be used for a!:y 
subsequent decontamination. The times required for a complete 
dE~contamination and for the cool down to operating temperature:; 
are estimated in DIR No. 19. The cooler will be outgassed with 
the shield/cover closed and decontaminated with it open. In the 
open position, we require a power level of 14.0 watts on the 
radiator and 6.4 watts on the patch to achieve a 2SoC temperatcre 
Internal outgassing paths are eliminated by windows that 
sE~al the openings between the instrument and radiator and between 
the radiator and patch. The vclumes within the cooler can outc;as 
only by paths that lead directly to space. 
To provide positive protection for sensitive areas, the 
window on the radiator is heated a nominal 8K above the radiator 
tE~mperature and protected by a cold trap at the radiator temperature. 
The design and analysis of the window heater is covered in DIR. 
No. 15. The c)ptical elements on the patch and the low emissivity 
rear areas of the patch are protected by a cold trap at the patch 
tE~mperature . 
6,,7 Optical- Port Loadinq 
Three t:hermal tests were run on a feasibility model cooler 
and two tests run on the BBM. These tests were used to establish 
a mathematical model for the loading from the optical port oper~ng 
onto the radiator and the patch. The opening is shown schematicall:t 
ill Figure' 6. 7-·L This is the configuration of the instrument final 
dE~sign. 
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6.7.1 Optical Loading on the Radiator 
The optical loading on the radia.tor is 
4 
2 
where Al equals iT r l and P2 is the fra.ctioh of room temperature 
radia t.ion pas sed by the inner window. For an. inner window of 
Irtran 2. P2 is about 0.5 (corresponding to a cutoff wavelength 
of 14 \lm). The emissivity of the opening is 0.9 in the instrument, 
whe.re an outer germanium window is added. Using the data given 
in Figures 6.7-1 and 6.7-2 plus Table 6.7-1 and 6.7-2, we obtain 
the calculated optical port loadings on the radiator in the final 
inst.Tument d"::3ign are then: 
cp (Th = 20
oC) = O.2S7W 
or 
cp (Th = 2S
oC) = O.27SW or 
cp (Th or 3S
oC) = O.313\-1 
6.7.2 Optical Loading on the Patch 
The optical port loading on the patch consists of inputs 
from the instrument and the radiator. We will restrict the 
radiator input to that from the inner .... Tindow itself; radiation 
at the radiator temperature (ie., the cold trap) i~ efficiently 
absorbed in the window. The input from the instrument to the 
patch is given by 
= 
where '2 is the transmittance of the inner window for greybody 
radiation at the temperature Th , Y3 is the effective aborptivity 
of the patch opening. 
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Instrurnent 0.630 0.570 0.415 
Sl3 
0.855 
Instrument 
Opening 
Germanium 
Radiator 
Opening 
Irtran 2 
0.07 
Patch 
Opening 
0.685 
Optical elements 
& gold baffle 
Figure 6.7-1 Characteristics of the Optical Opening to the 
Radiant Cooler (Dimensions in Inches) 
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0.630 0.430 0.570 0.685 0.303 
Figure 6.7-2 Optical Opening to the Radiator 
in the Instrument (Dimensions in Inches) 
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Table 6.7-1 View Factors and Blockage \'lithin the Optical Opening 
F32 = 0.875 
F31 = 0.319 
, 
F12 :.= 0.303 
Table 6.7-2 Temperatures within the Optical Opening 
(Instrument Test) 
Instrument 
(a) Heated Window 
(b) Control Point 
Radiator 
173.6K 
101. 7K ~ 
l78.6K} (a) 
l78.l~ 
Patch 
105K (b) 
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'l'he eff~!ctive absorptivity Y3 is given by 
2 
Y3 = a 3 + (1 -a3' 02 F33 , a3 + (1 -a3' x 
02 2 (P33,)2 a 3 +' .. 
= 
a 3 
where a 3 is the actual absorptivity of the patch opening, 02 
is the (specular, reflectance of the inner window, and F33' is 
the view factor from the patch opening to :Lts own specular image 
in the inner surface of the window. The value of Y3 was experimentally 
determined from; a theoretical model of a 3 is described in Section 
6.7.3. 
The input from the inner window attached to the radiator 
¢23 = crT 4 €2 F32 Y3 A3 
w 
The window temperat.ure Tw is equal to the radiator temperature 
plus SR. For an inner window of Irtran 2 and for greybody radiation 
in the range from I60R to l75R, the window emissivity €2 is 
approximately 0.6 Clnd the window reflectance P2, approximately 0.2. 
Using the theoretical a 3 value of 0.675 (Section 6.7.3) and test 
values for P2 (0.1), and F33' (0.743), the theoretical value of Y 3 
is 0.692. The experimental Y3 is 0.773 and is based upon test data 
from a feasibility model cooler. 
Using the experimental value for Y3 and the instrument 
parameters listed in Figures 6.7-1 and 6.7-2 and in Tables 6.7-1 
and 6.7-2, we calculated ¢op for the final instrument. The results 
are given in Table 6.7-3. 
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~.'" Table 6.7-3 Calculated Patch Louding from Optical Port (Ins trl,lmen t) ~~. 
5s Th ~ op 
00 20 0 e 0.0230 W 
27.83 35 0.0283 
37.5 25 0.0253 
67 20 0.0241 
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6.7.3 M)sorptivitY-9f the Instrument Patch Openinq (Theoretical 
Model) 
--
T() complete the consideration of optical port loading, we 
construc1:ed a theore1:ical model for the absorptivity et 3 of the 
patch opEming in the instrument cooler. A view of the patch 
opening ciS seen from the inner window is shown in Figure 6.7-3. 
The area bl occupied by the Channel 3 spectral filter and its 
specular image b2 in the infrared dichroic are effectively black. 
Thus in area bl , some radiation is absorbed in the Channel 3 
filter or transmitted by the filter and absorbed in the cavity 
below; the remainder is reflect to b 2, where it is either absorbed 
or transmitted by thE! dichroic and absorbed below. 
The effective absorptivity of the area d (dichroic minus 
area b 2) is igve~ by 
+ 
where etd = actual absortivity of area d = 0.4 
etg I' = effective absorptivity of gold baffle g 
This equcltion assumes that radiation not absorbed or transmitted by d 
(the fraction ad) is specularly reflected to the gold baffle. The 
value given for etd is an estimate for the infrared dichroic on a 
germaniuDl substrate. Thus for radiation at the instrument temperature, 
only about 0.5 is transmitted through the inner Irtran window. For 
a dichroic with a separation wavelength of 9.0 ~m, about 0.4 is 
transmitted and therefore absorbed. For radiation at the radiator 
temperature, about 0.2 of the total is reflected if the dichroic 
reflects over the band from 9 ~m to 16 lJm. If the dichroic has 
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g = Gold Baffle 
b l = Opening For Channel 3 
b 2 = b l Reflected In Dichroic 
d = Dichroic Minus b2 
Fiqure 6.7-3 Top View of Optical Opening on Patch 
(Note that the model applies to the 
breadboard model used in Test 4.) 
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the properties of a germanium substrate beyond 16 ~m, the 
remaining fraction of 0.8 has an absorptivity equal to ap-
proximately 0.47, the transmittance of the substrate. The 
value of ad for radiator emission is then 0.8 x 0.47 or about 
0.4. 
In order to calculate the effective absorptivity ag , of 
the gold baffle, we assumed that the gold is in the form of a 
diffuse gold plating. We then have 
a g + (1 -a ) g 
where a g is the infrared absorptivity (0.035) of the gold plating 
and F .. is the view factor from area i to area j. This equation 
~J 
can be solved for a . we then have g I 
= 
'rhe view factors F .. were approximated by 
~J 
Fij = A. J 
This equation is st.rictly true only for a sphere. For the components 
in the patch opening of the instrument, we have 
A3 0.636 in 
2 (0.9 inch diameter opening) = 
Abl 0.126 in 
2 (0.4 inch diameter) = 
Ab2 Abl 0.178 in 
2 
= a = 
Ad = ';1' 0.7 x 1 -Ab2 = 2.021 
. 2 
~n 
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Ag = 1 1T 0.45 x 0.75 - Abl = 0.404 in
2 
-r-
LAi 3.365 in 2 = 
F .. 
~J = 
0.12 
F' b ~ 2 = 0.05 
Fid = 0.60 
F. 
l.0 = 
0.19 
We the!n have for the effective absorptivities 
= 0.435 
= 0.66 
Finally, the value of a 3 can be c.!lcu1ated as the area-
weigh1:ed average 
= 
where the primes on the areas denote projection into the opening 
Ag 0.210 in 
2 
= 
~1 0.041 in 2 = 
, 2 
A b2 = 0.126 in 
A d 0.259 
. 2 
= l.n 
., 
For the above values of a g and ad , we then have 
= 0.675. 
A3 
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7.1 
CALIBRATION 
Thermal Chcmnels Calibration 
The infrared calibration signal to the AVHRR is the 
diffe~rence in signals from a calibration blackbody of known 
tempE~ra ture and a blackbody of essentially zero exi tance. The 
zero level sourCE:! is provided by deep space during in-flight 
calibration and by a liquid nitrogen cooled black cavity during 
chanU)er calibration. Other calibration requirements are listed 
in Table 7.1-1. We have interpreted thE:! temperature calibration 
accuracy of the chamber targets (B.b.) to mean the equivalent 
tempE~rature accuracy determined by all error sources. 
7.1.1 Calibration Accuracy 
The absolute radiometric calibration of the instrument is to 
have an accuracy of ± O.SK throughout the calibration range of each 
chanIlel. Before we consider how this requirement can be met, let's 
define some terms. In particular, we C'3.n differentiate between 
precision (or sensitivity) and accuracy by means of the following: 
Precision: A measurement is regarded as precise if the 
dispersion of values, i.e., the standard 
deviation cr, is small. 
Accuracy: A measurement is regarded as accurate if 
the values cluster closely about the correct 
value. 
By accuracy of an individual measurement or of an average 
of mE~asurements is usually meant the maximum possible error (constant 
and/or random) that could influence the observed value. It is fre-
quent:ly thought of in terms of the number of significant figures 
to which.a value can be regarded as correct. 
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TABLE 7.1-1 Requirements ior Thermal Channels Calibration 
A. Inflight Blackbody 
a. Measured with platinum resistance thermometers 
Appropriately arrayed to adequately define the 
temperature. 
b. Temperature sensor instrumentation accuracy of 
±O.lK. 
c. To be compared with the chamber targets during 
thermal vacuum calibrations. 
B. Chamber (Standard) Blackbodies 
a. Greater emissivity, temperature stability, and 
temperature sensor accuracy than inflight target. 
b. Absolute temperature measurement accurate to 
±O.SK. 
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The precision is limited by the instrument noise, i.e., 
by the sensitivity. In order to measure the noise of the instrument 
cmd to reduce its effect on the absolute radiometric calibration, 
cl set of n measurements will be made at each calibration point. 
'J~he precision (or sensitivity) is then given by the best estimate 
of the standard deviation (see for example, D.C. Baird, Experi-
mentation: An Introduction to Measurement Theory and Experiment 
Design, Prentice - Hall, 1962). 
cr (x -3C r / (n-~] 
-where x is an individual measurement and x the average of n measure-
ments. On the other hand, the standard deviation of the average 
Clf n measurements is given by 
= cr/n~ 
'I'he influence of the instrument noise and of all other random 
e!rrors can therefore be reduced to the point where the accuracy 
of a calibration is determined by the systematic errors in the 
calibration target itself. This could be done during both the 
chamber (Section 7.1.2) and in-fligh·t (Section 7.1.3) calibration. 
There are 10 calibration points (elemental dwell times) during 
each scan of a target, and so for a 1 minute period, we have 
n. = 3600. 
Before we consider the errors in the calibration targets, 
however, let's list all the components and procedures that can 
limit the accuracy of a calibration. Ne can identify two IDeo.jor 
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l,.. areas, wi thin which there may be important subareas. They 
are as follows: 
A. Calibration target 
a. TE".mperature: 
b. Non-blackness 
{
Sensor 
Measurement Instrume~tation 
Gradien1:s or uniformity 
Control (chamber) 
B. Electronics 
a. Noise (NETD) 
b. Signal processing: Di~ritization 
Recording 
Transmission 
(In-flight) 
Ground Processing 
tve will limit clUrselves to errors from sources A and B.a. We 
aria therefore assuming that the experiment is so designed that 
thl~ errors con1:ributed by B.h. are negligible by comparison. 
If the difference in surround between chamber targets can 
be made zero or very small, the non-blackness errors will be 
greatly reduced and the accuracy of the calibration limited only 
by the errors and uncertainties in the calibration target tempera-
tUl:e. Accuracy estimates for the chamber calibration are given 
in Table 7.1-2 and for the in-flight calibration in Table 7.1-3. 
We see that we have met our objective of O.SK for the 
tot~al channel calibration error throughout the temperature range 
of both channels.* In addition, the total in-flight error at 29SK 
* We ~~~ve arbitrarily §jet the lower lirnitin Channel 4 at 2S0K, 
where the noise equivalent temperature difference is approximately 
IK. 
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Table 7.1-2 Accuracy of Chamber Calibration 
Temperature: 
Sensor 
Measurement Instrumentation 
r Control , 
Gradients' base (uniformity) 
Honeycomb (lK)'" 
( Diff from box (±!X)* 
\'1 a 1 1 • 
~ Gradient within (5K)* 
Accuracy (max of errors + uncertainties) 
Non-blackness 
Net from standard-cold space difference 
(10K difference in surrounds): 
Channel T 
3 185K 
3 320 
4 250 
4 320 
Total accuracy (including noise for n = 3600) ** 
Channel T 
3 l85K 
3 320 
4 250 
4 320 
* Actual value of gradient. 
** Based on specified NETD of 0.12K - ..... d .... 300K. 
±0.05K 
±.O. 05 
±.O.05 
=.0.10* 
±.O. 06 
±0.0026 
±0.00045 
0.32K 
+0.018K 
-0.046 
+0.027 
-0.016 
6 T 
0.3SK 
0.37 
0.37 
0.34 
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'rable 7.1-3 AccuracJ' of In-flight Calibraticn For T = 295K * 
Temperature: 
" i Sensor ±0.051< 
Measurement ~I \ . 
, Ins trumen ta t~on ±0.10 
Base ±0.08 
Gradients " 
\ Honeycomb (lK) +0.08 
±0.3l 
Non-b lackness: 
Channel 8 T 
3 -0.080 
4 -0.029 
Total accuracy (including noise for n = 3600) 
Channel 8 T 
3 0.39K 
4 0.34 
* Exclusive of errors from scattered sunlight (Section 3.11) 
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has a comparable value when the calibration is made in the 
absence of direct sunlight (See Section 3.11). In the following 
sections, we consider in detail how we obtained the estimate 
listed in Tables 7.1-2 and 7.1-3. 
7.1.2 Chamber Calibration Targets 
Errors and uncertainties in the exitance (emitted Ncm- 2 ) 
of thE! calibration target arise from its temperature inaccuracies 
(Section 7.1.2.1) and its deviation from blackness (Section 
7.1.2.2). Because a calibration signal is equal to the difference 
in signals from a calibration target and a cold space target, 
the inaccuracy from non-blackness is greatly reduced by making the 
two targets the same form and exposing them to the same surround. 
7.1.2.1 Temperature Uncertainty 
The accuracy of the calibration target temperature is 
limitE!d by measurement errors, control st:ability, and gradients. 
The uncertainty in a temperature measurement relative to the 
international prac=tical temperature SCalE! (IPTS-6C, which is 
essen1:ially ident:Lcal to the absolute thE!rmodynamic temperature 
scale) is ±O.lOK. About half of this is the calibration accuracy; 
the remainder is produced by the sensor, bridge, and power supply. 
The latter produce errors that are largely random in nature, as 
do thE! readout device and ~emperature controller. The readout 
devicE! introduces an error that can be kE!pt small, about ±O. OlK 
for an integrating digital voltmeter. The stability of the 
controller is about ±O.OSK. 
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The base gradient or uniformity can be held to iO.10K. 
We have included l:his variation as part of the calibration 
error.. In fact, the base temperature will be measured with 
an array of calibrated platinum sensors. The average of this 
array should then provide a measurement whose gradient error 
is less than the clctual gradient. The gradient through the 
honeycomb can be E!stimated from the measurements on a similar 
target: (A. R. Karoli, J. R. Rickey, and R. E. Nelson, Appl. 
opt. 6, 1183, 1967). The honeycomb gradient was 1.6K in a 290K 
target that had a view factor of about 0.5 to a warm surround at 
25 0 C. If the target temperature were reduced to 2l0K, the 
gradient would increase to about 2.5K. However, the view 
factor to the warm surround is reduced to 0.2 in our design, 
so the gradient is about 1.OK. 
Moreover, the corresponding increase in the radiance 
temperature is much less than the gradient because most of the 
normal emission comes from the base and walls near the base. 
When t.he instrument views the calibration target at normal 
incide:nce during a calibration, the nominal cavity emissivity of 
0.999327 (Section 7.1.2.2) may be divided between the base honey-
comb a.nd the cavity walls. For the nominal paint emissivity of 
0.92, the base has a normal emissivity of 0.996696. Therefore 
0.002631 of the normal cavity emissivity arises in the cavity 
walls (and is seen by reflection in the base). The emissivity 
of the base may, in turn, be divided among emission from the 
base bottom, the flat top area of the honeycomb, and the walls 
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of the honeycomb. The fraction of flat area of 0.025, so that 
the emissivity from the top is 0.92 x 0.025 and from the bottom, 
0.92 x 0.975. The remainder of base emissivity, 0.996 696 - 0.92 = 
0.076 696 arises in the sides of the honeycomb. Ne will assume 
that the walls of the cavity emit at th~9 bottom temperature of 
the base and that the base honeycomb sides have an exitance equal 
to the average of the basebottom and honeycomb flats. The effective 
exitance ME of the target seen at normal incidence is then 
o • 999 327 ME = O. 061 348 l-1- + 0 .. 937 979 MB, 
where F denotes base flats and B base bottom. Now a calibration 
temperature will be the measured value of the base bottom B. In 
both Channels 3 and 4, we find that a hcmeycomb gradient TF-TB = 
±lB ~esults in a calibration error TE -Ta = ±0.06lK (see Table 
7.1-6 in Section 7.1.2.2). 
The temperature errors introduced by deviations in the 
cavity wall temp~~rature were analyzed for Contract NASS-216Sl 
(HIRS for Nimbus F)*. This analysis shows that the wall ternpera-
ture deviations (difference from the base and internal gradient) 
introduce a ternpE~rature uncertainty of only about ±O. 003K. As 
a re!;ult, the total temperature uncertainy in the chamber target 
is approximately 0.32K. 
7.1.2.2 Deviation from a Blackbody 
The uncertainties in the calibration of the instrument 
are expressed as absolute temper~ture errors in blackbody sources 
*Memo from R. V. Annable "Deviations in the l'lall Temperature 
of the Chamber calibration Target", dated 6-28-72. 
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( within 1~e calibration range of each channel. The principles 
and pra<:tice of absolute radiometry are explored by R. E. 
Bedford and A. R. Karoli in Volume 14 of Advances in Geophysics 
(Precision Radiometry, ed. by A. J. Drummond, Academic Press, 
1970). We have already covered the uncertainty in the temperature 
of the calibration "target (Section 7.1. 2 .1). We now wish to 
consider the uncertainties produced by non-black calibration 
and cold space targets. 
The real problem here is not the small decrease in 
target emission below that of a blackbody, but the reflection 
of the higher temperature surround. The calibration target 
consists of a honeycomb array with a length to width ratio of 
4:1 (at' its emissivity equivalent in another geometrical form) 
housed in a tube whose length is equal to the aperture diameter 
(Figure 7.1-1). The tube is covered on its inner wall with a 
honeycomb array whose length to width ratio is 2:1. In this 
way, WE: obtain a second, large cavity in addition to the array 
of small cavities. It is also equivalent to controlling a 
large fraction of the target surround. The tubular enclosure 
must not be thermally attached to the base calibration target; 
this would induce significant thermal gradients in the target. 
In addition, the cavity mouth and base must be sufficiently 
large that only the base is seen by the instrument during a 
calib:cation. 
Because a calibration depends on the difference in 
signals from the calibration and cold space targets, the accuracy 
can be further increased by ma~ing both targets in the same form 
and ex.posing them, as nearly as possible, to the same surround. 
We have an estimate of the residual non-black error based on a 
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Figure 7.1-1 Chamber Calibration Target 
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calibration target surround of 293K and cl space target surround 
of 283K; it ranges from +0.018 to -0.046K in Channel 3 and from 
0.027 to -0.016K in Channel 4. 
The base of the calibration target: is in the form of honey-
comb cavity array in which the cavities have a length to width 
ratio of 4:1 (A.R. Karoli, J. R. Hickey, and R. E. Nelson, Appl. 
opt. 6, 1183 (1967)). A single cavity may be approximated by a 
cylinder whose emissivity is given by (P. Campanaro and T. Ricolfi, 
J. Opt. Soc. Am. 57, 48 (1967).) 
= + r pa 2 (1 + 4 )~ -~ e: e: c 2 2 
a 
2 2 2 ] p a 1 + 2 -r a 
4 )~ I (1 + i 2 ! a 
where a = ratio of height to radius 
e: = normal surface emissivity 
p = hemispherical surface reflectivity 
For hi.gh emissivity materials, the normal and hemispherical emis-
sivity are nearly equal (m. Jakob, Heat Transfer, Vol. I, Wiley 
1949, Sections 4.9 and 7.2) and p is nearly equal to (1 -E). 
The flat area of the array is about 2.5 percent of the 
total source area. The effective r.ormal emissivity of the array 
is then 
e: = 0.975 e: C + 0.025 e: A 
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The formula of Companaro and Richolfi for the normal 
emissiv'ity of a cavity in the array can also be used to calculate 
the emissivityof the large cylinder (i.e., the complete target). 
The cavity array normal emissivity becomes the wall emissivity 
of the cylinder. To use the formula, we also need the hermi-
spherical emissivity of the cavity array. This can be calculated 
from the limiting value formula of Treuenfels (J. Opt. Soc. Am. 
53, 1162, 1963) or interpolated from the results of Sparrow 
and Cess (Radiation Heat Transfer, Brooks/Cole, 1966, pp. 164-165). 
However, when the cavity array normal emissivity and hemispherical 
reflectivity are used in the formula of Companaro and Ricolfi, 
we find that the normal emissivity of the cylinder exceeds unity 
even for an initial surface emissivity as low as 0.89. 
To overcome this problem, we will use the formula developed 
by Bauer and Bischoff (Appl. Opt. 10, 2639, 1971). For a cylindrical 
cavity with a plane bottom perpendicular to the axis, they obtain 
a normal reflectivity of 
(1 -P )-1 1 + (L/R)2 
o 
-1 
where Po is the normal reflectivity of the inner surface and 
L/R is the length to radius ratio (a in the formula of Companaro and 
Ricolfi). According to the nomenclature developed by Nicodemus, 
et. al. (Appl. Opt. 9, 1474, 1970), Po is the directional-
hemispherical reflectance for normally incident flux, that is, 
the fraction of normally incident flux that is reflected into 
a hemisphere. It is also equal to the he~ispherical-directional 
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refle.::tance for normally incident flux, that is, the fraction 
of no:nnally incident flux that is reflected into a hemisphere. 
It is also equal to the hemispherical-directional reflectance 
factor for normally reflected flux, that. is, the fraction of 
hemispherically incident flux that is reflected in the normal 
direction. 
Euqation (1) is based on experimental measurements and 
holds for large value of el, the range of validity depending on 
the value of po. However, it yields a conservative result at 
all values of a, i.e., the calculated value of Pc is always 
greater than or equal to the experimental value. To begin 
with, we applied the equation to the ca'Tity array in which 
2.5 percent of the area is flat. The results are given in 
Table: 7.1-4, where they are compared with those from the equation 
of CC)lnpanaro and Ricolfi. ~7e will assume the surface emissivity 
has a nominal value of 0.92. 
The normal reflectivity PN of the complete target can 
now be calculated from equation (1) by setting Po = I -EA. The 
space in the charnber limits the a value of the large cylinder to 
2:1. The measurl~ments of Bauer and Bischoff (op. cit.) show that 
the actual refle(::tivity will be less than that calculated from 
the formula because of the relatively low value of a. The results 
of the complete target are given in Table 7.1-5 at four values of the 
initial surface emissivity E when the walls also have an L/R ratio 
of 8: 1. 
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( Table 7.1-4 Norm,::.l Emissivity of thE!.Honeycomb Cavity Array 
£: £:A 
Surface B&B C&R 
0.89 0.99 6 396 0.99 5 451 
0.91 0.99 6 266 0.99 6 304 
0.92 0.99 6 696 0.99 6 726 
0.93 0.99 7 121 0.99 7 145 
Fr<lction of flat area = 0.025 
L/R ratio of cavities = 8. 
Table 7 .l-S Norm~ll Reflectivity of In-Chamber Target Nith 
4: 1 Honeycomb Array on the Base and Walls 
£: 
0.89 
0.91 
0.92 
0.93 
PN 
0.000 925 
0.000 750 
0.000 663 
0.000 577 
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If we neglect multiple reflections between the wall 
and base of the cavity, we can write the cavity emissivity as 
= 
whE~re b = base, w - wall, and a is a constant. For 4: 1 cavities 
on both the base and the wall, we have 
e: 
a = 
e: b 
-1 = 0.002 050 
If the 4:1 honeycomb on the walls is replaced with 2:1, the wall 
emissivity is reduced to 0.993013. Using the same value of a, 
thE~ normal cavity emissivity is then reduced to 
= 0.996 696 0.002650 x 0.993013 - 0.999 327 
Now the deviation of EN from unity produces an apparent 
change in the target radiance given by 
15M = (1 -e: ) (M -M) N s t 
whE~re M is the blackbody exi tance and the subscripts sand t 
denote surround and target, respectively. If the change in exitance 
is small, the corresponding change in effective blackbody temperature 
is given by 
6T 15M = 
DM/dT 
The values of M are given in Table 7.1-6 for Channels 3 (4) at 
temperatures in the range from 185K (250K) to 321K. The valu~s 
of 6T at representative temperatures are then a~ follows: 
Channel 
3 
3 
4 
4 
T 
185K 
320 
250 
320 
cT 
O.229K 
-0.0164 
0.0903 
0.0118 
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Again a calibration depends <:>n the difference between 
the calibration and space targets, and we can further reduce 
the non-black errors by constructing the targets in the same 
geometry and placing them in surrounds as identical as possible. 
In order to estimate the residual error after taking the dif-
ference between targets, we will assume that the calibration 
target has a surround at 293K and the space target, a surround 
at 283K" The relative net error in terms of blackbody radiance 
is then 
-1 
= 3.7413 x 10 4 1. 4388 x 104 
-1 
A5 AT 
= e:N Mt + (1 -e: ) N Msl (1 - e: ) N Ms2 - Mt 
= 
where sl denotes the surround the calibration target and s2 
the surround of the cold space target. The corresponding 
errors in blackbody temperature are given in Table 7.1-7 for the 
representative temperatures. 
7.1.2.3 Surround Difference Measurement 
In order to verify that the space clamp target and 
calibration target are exposed to the same surrounds, it was 
suggested early in the AVHRR program that the two targets be 
switched in the chamber. This would show if surround reflections 
were contributing any error to one or the other target. A simpler 
check can bE:! done by simply comparing the channel 4 signals 
when it views each target. When the calibration target is run 
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Table 7.1-6 In-Band Radiant Exitance 
t (K) (Emi tted -2 , T W em ) 
Channel 3: 185 1. 973 x 10-4 
186 2.047 x 10-4 
283 2.304 x 10- 3 
293 2.703 x 10-3 
295 2.787 x 10- 3 
296 2.829 x 10-3 
300 3.003 x 10-3 
301 3.048 x 10- 3 
320 3.962 x 10- 3 
321 4.013 10-3 x _ 
Channel 4: 250 4.174 x 10-6 
251 4.436 x 10-6 
283 2.479 x 10- 5 
293 3.931 x 10-5 
295 4.295 x 10-5 
296 4.481 x 10-5 
300 5.331 x 10- 5 
301 5.561 x 10-5 
320 1.183 x 10-4 
321 1. 228 x 10 -4 
Table 7.1-7 Net Non-Black Calibration Error 
Channel T 6 2 T 
3 185K 0.0184 K 
3 320 
-0.0464 
4 250 0.0266 
4 320 
-0.0156 7-l'3 
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to 175K, its eJeitance is below the noise level of the AVHRR 
in Channel 4. If the output of Channel 4 is then, thp. ~e 
whEm viewing the cold space target, we can <l.ssume that the 
surrounds are not influencing the accuracy of the calibration 
in the thermal channels. 
Table 7.1-8 shows the calibrati.on data taken in channel:= 
3 and 4 of the ETM on October 6, 1975. The baseplate temperature 
is +30oC. The data shows that in charmel 4, the output is identical 
when viewing the cold space target and the calibration target. As 
expected the channel 3 output shows se)me signal from the calibraticn 
target at l75K. 
From this we conclude that there is no sigJ"lificant calibra-
tion error introduced into the thermal channels due to sur=ound 
differences. 
7.1.3 In-Flight Calibration Target 
The in-·flight calibration is provided by views of the 
internal blackbody at the housing temperature and of the zero 
level signal at deep space temperature. 
7 .. 1. 3.1 TempE~rature Uncertainty 
The temperature measurement error is ±O.05K from the 
sl~nsor calibrc:l.tion and ±O.lOK (specified value) from the 
instrumentations. Additional temperature uncert~intles aris~ 
from the grad.ients within the internal target. -:::'he nominal gradien 
across the base of the target is ±O.OSK, as determined by the 
thermal analysis of the instrument. The effective value of 
this gradient will again be reduced by using an array of 
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CHANNEL 3 OUTPUT CHANNEL 4 OUTPUT 
Cal. Target Cal. Target Space Cal. ~rarget Space 
TamE· Si9:nal Si9:nal Si9:nal Signal 
K mvolts mvolts mvolts m volts 
320 760.0 6187.5 931.2 6256.8 
315 1112.8 6187.5 1879.0 6256.5 
305 1769.3 6187.1 3357.1 6257.1 
295 2349.6 6187.5 432S.6 6258.1 
285 2878.4 6187.5 5035. 6257.1 
275 3438.4 6188.1 549S. 6258.1 
265 3893.4 6193.7 5822.8 6263.7 
255 4284.3 6193.4 6007.1 6264.0 
245 4636.2 6193.1 6123.4 6263.7 
235 4960.3 6193.7 6189.3 6263.1 
225 5225.0 6193.7 6230.0 6264.6 
215 5450.6 6193.1 6247.5 6264.0 
205 5641. 2 6192.8 6254.0 6264.0 
195 
185 5906.2 6193.4 6259.0 6263.1 
175 5993.7 6193.7 6264.6 6264.6 
TABLE 7.1-8 ETM AVHRR CALIBRATION RUN SHOWING 
SURROUNDS EFFECT 
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{ calibr;ated platinum sensors to mea!'!"..1re the base temperature. 
j -
I, 
The worst case honeycomb gradient is 1.OK (DIR No. IS). Follow-
ing an analysis similar to that given in Section 7.1.2.1, we 
find that the corresponding uncertainty in radiance temperature 
at normal incidence is O.OSK. The total temperature uncertainty 
of the internal inflight target is then 0.31K. 
7.1. 3.:2 Deviation from a Blackbody 
The internal target has a normal emissivity of 0.995 when 
coated with a blac}c paint whose emissivity is 0.92. The deviation 
from a blackbody reduces the signal from the target itself but 
introduces an additional signal from the surround. To obtain 
the most accurate calibration of the internal target, we would 
have to compare its signal with that of the more accurate chamber 
target when the internal target is in the range of surrounds en-
countered in orbit. The worst case non-blackness errors is shown 
below to be about O.OSK in Channel 3 and -0.03K in Channel 4. 
The internal calbiration target is in the form of a honey-
comb cclvity array in which the length to width ratio is 4: 1. 
Specifically, the basic material has a thickness of 0.001 inch and 
a cavity width (distance between flats) of 0.060 inch. Each 
cavity has two walls of its own (where the joined material has 
a double thickness) and four shared walls or a total of four. 
The rat.io of flat to total target area is then 
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where Aw is the top area of a wall and Ac: the area of a cavity. 
If w is the distance between flats and t the thickness, we then 
have 
= t (w -t) 
f3 
= 2 V3 «1/2> w _t)2 
when the cavity openings are in the form of hexagons. For 
the above dimensions, the ratio of flat to total surface area 
is 0.045, and the normal emissivity is given by 
= 0.045£ + 0.955 EC 
where E is the emissivity of the black paint and EC the normal 
emissivity of the cavity. 
The value of EC can be calculated from the formula of 
Bauer and Bischoff (Section 7.1.2.2). The results are listed 
in Table 7.1-9; t:he paint emissivity is 0.92. 
In the case of the in-flight target, the non-black 
temperature error is given by 
eT = oM 
dM/dT 
wherE~ dM/dT = 4 .. 263 x 10-5 wcm- 2 K- l in Channel 3 and 1.859 x 
-6 -2-1 10 Wcm K in Channel 4 for a target at T = 295K. The 
apparent change in target radiance 15M is given by 
15M = (1 .- E ) N 
.. ---.:'----- --
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~ Table 7.1-9 Normal Emissivities of the Internal 
" rnflight Calibration 'rarget 
c E: E:N c 
0.89 0.998 099 0.994 584 
0.91 0.998 478 0.994 947 
0.92 0.998 662 0.995 122 
0.93 0.998 842 0.995 294 
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( where Fte = view factor from target to earth = 0.21 
Fti = view factor from target to instrument = 0.741 
M = infrared exitance of earth e 
Mt = infrared p.xitance of the. target and instrument 
The view factors are taken from the thermal analysis of the 
instrument; they are the values when the instrument is viewing 
the internal target. As a worst case, the we will assume the 
earth is at its minimum temperature of 185K.* Using the exitance 
values from Table 7.1-6 and the target emissivity of 0.995 122, 
we obtain 
aT (Channel 3) 
aT (Channel 4) 
= -O.OSOK 
= -0.029K 
for the non-blackness errors in the inflight calibration at 
T = 295K. 
7.1.3.3 Scattered Sunlight Error 
Depending on its location on the spacecraft and the orbit 
normal to sun angle (Ss)' the in-flight target may be exposed to 
direct sunlight during the nightime portion of the orbit. The 
diffuse reflection of direct sunlight from the target can produce 
a significant error in the c~libration of Channel 4: this subject 
is covered in Section 3.11. 
* Th d""t' Ch 1 4 J."s 1.944 ~ 10-8 wcm- 2 . e correspon long exJ. ance J.n anne 
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13.0 THERMAL DESIGN 
The thermal design of the AVHRR In~ltrument was descri.bed 
in Dir '38 on the pages which follow. The validity of the thermal 
design 'was established during Solar Simulat:ion Tests performed at 
NASA/GS:E'C using the ETM. 
The Thermal Interface Drawing for AVHRR is given in 
Figure 8-1 (page 8-19). 
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To: 
From: 
Subject: 
R. H. Foote 
J. D • crawford;#. V 
DIR .38 Final Thermal 
AEROSPACE/OPTICAL 
DMSION 
3700 E. Pontiac Street 
Fort Wayne, Ind. 46803 
(219) 423·9636· TWX 810-332·1413 
Date: April 13, 1976 
Model An.:llysis 
cc: R. Annable, T. Diederich, C. Soe~!t, J. Stark 
SummarY 
. 
The analysis of the AVHRR thermal model has ceen com-
pleted. Ohis anal~gis has included orbit normal to sun angles 
of 0 , 28 , and 68 which correspond to the warmest, coolest, 
and extreme orbits. Worst case studies were made within each 
orbit with the warmest orbit being analyzed with maximum solar, 
earth IR and albedo inputs; surface finish maximum alpha and 
minimum €: and g80d attainable insulation blanket. The coolest 
orbit was the 68 orbit which was analyzed with minimum :\Iolar, 
earth IR and albedo inputs; surface finish minimum alpha and maximum E 
and a not too good insulation blanket. Studies were made with 
the ins;trument electronics "on", "Off" and "off - with make-up 
heaters;. " 
The radiating area of the baseplate, node 50, was trimmed 
to .46 ft 2 resulting in an effective louver € of 
.44 fOl~ the warmest nominal orbit. This sarne area r~sulted in an 
e8fective louver € of between .32 and .26 f:or both the nominal 
o and 680 orbit. Worst case studies for the hot orbit indicated 
tha t the maximum lc)uver € would be .45; while the worst case 
study J:or the coldest orbit indicated that the lcuver effective s:: 
would be .16. 
Analysis of the worst case off instrument for heater size 
indicated that for the coldest orbit 22.8 watts wereorequired to 
maintain an instrument baseplate temperatu:ce of 14.6 C. 
Procedure 
The thermal analysis for the TIROS-N AVHRR has been performed 
with the 100 node BAN program supported by view factor, projected 
area, flux calculations and summation programs. A preprocessor 
was also used to prepare the data formats for the view factor and 
projected area programs and also to be data for computer plots. A 
list of the nodal designations is included in Table I and Figures A 
and B show the relative node location. 
The solar input and albedg inpgts were calculated for 100 
orbital steps throughout the 0 , 28 and 6So orbits. Those values 
were then summed and averaged to get the steady state orbital 
average value. The solar constant used was 429 B/h Ft2, the IR 
flux value was 75.15 B/hr Ft 2 and the albedo used was .30. Values 
for a and € are listed in Table IIA and Table IIB and include the 
range of values expected for the listed materials and nodes. The 
values; for the internal power are measured values and will not chanqe 3- 2 
by anY' significant amount. 
.--.-
-2-
Conduction Couplings, 
All conductive couplings are calculated from dimensions 
taken from detail drawings. The value for the conductivity of 
the couplings is listed in Table III. Conductance through joints 
is used for all applicable joints and assumed to be a nominal 72 
B/hr Ft 2• 
Radiative Couplings _ 
ThE~ radiative coupling's were obtained from calculated and 
estimated view factors and calculated areas. Where the configuration 
was repE!titive, a view factor calculation program was run to get 
the neCE!SSary factors; if a particular shape appeared only once, 
its value was estimated from a shape factoI: graph. Block F' s were 
used in this simula1::ion program. Since all of the internal emis-
sivities were relatively high, a product was used rather than the 
effective emissivities. 
Scan Mirror Modelin~ 
Th,e view facto:t:'s for the scan mirror and cavity areas were 
obtained by calculating the view factors for ten mirror positions 
and averaging these values. Solar, albedo and Earth IR inputs to 
the scan cavity area were calculated with no mirror blockage and 
then 50% of the flux was assigned to the mirror (25% each to front 
and back) and 50% to the scan cavity area in question. While these 
assignments are rather arbitrary, they are better than assuming no 
mirror as in previous models. 
Nominal Case Analysis 
The AVHRR instrument was thermally designed to the nominal 
solar input and surface finish values of the 0, 28 and 68 degree 
orbits (orbit normal to sun angle). Active thermal control is 
maint8ined by using louvers to maintain a nominal IMP temperature 
of 15 c: with an effective emissivity of between .26 and .45. This 
range of effective louver emissivity was obtained by using a silver 
teflon surface on the plus velOCity electronics surface and trimming 
the base radiating area - node 50 - to .46 ft2. All other exposed 
surfacE!s, except insulation surfaces, have black surfaces to minimize 
scattered light. The insulation surfaces consist of an aluminized 
Kapton outer layer with 10 layers of multilayer insulation. 
Tiible IV is a listing of the nodal tE~mperatures and emissivities 
for the nominal case orbits and a radiating area of 1.37 ft2. In 
the 28 orbit the warmest in~trument node ternperatue in the 15 volt 
regula·t.or board which is 37C oand the remc'l.inder of the instrument 
temperatures range down to 7C in the ebe<:troniss baseplate area. 
The insulation blanket ranges from -99C to 40C. These temperatures 
are maintained with an effective emissivity through the louver of 
.44. 
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In the colder orbits (00 and,68?) the warmest electronic 
temperature is ~g8in the 15 volt regulator and the coolest 
temperature is 6 C in the elec~ronic baseplate area. Two 
tempeoatures to note are the 57 C on the scan miE;ror when in 
the 0 orbit and the telescope temperature of 21 C when in the 
68 orbit. The scan mirror scans through the sun each rotation 
and receives maximum solar illumination with no blockage. The 
temperature of t:he mirror will be reduced rapidly at about a 40 
orbit angle due to SIC blockage. The telescope temperature changes 
very slowly the incidence angle and arE~a change are offset by 
the increase in exposure time. Emissivity for the cold orbits 
is between .25 and • .31. 
worst Case Analysis 
The AVHRR instrument was modeled for the worst case hot and 
cold orbits using the radiation area established in the steady 
state run. Worst case is defined as the range of values that 
could be expected at launch - surfaces were not degraded by the 
spac:e environment. The following list defines the worst case 
condition: 
vari.able 
Emissivity 
Solar Radiation 
Absorbtivity 
Earth IR 
Albedo 
Blanket Conductance 
Power 
Warmest 
Minimum 
Maximum 
Maximum 
Maximum 
Maximum 
Best Expected 
Nominal 
Coldest 
Maximwn 
Minimwn 
Minimwn 
Minimwn 
Minirnwn 
Worst Expected 
Nominal 
Simulations were run to determine if the worst case equivalent 
insulation conductance was the best or worst conductance. For 
the cold orbit the worst case is the worst expected blanket 
conductance, which leaks more heat to space, and the best expected 
blanket conductance in worst case for the warmest orbit, which 
leaks least heat to space. Table V lists the temperatgres and 
emissivities for the worst case hot (28) and cold (0 and 68 0 ) 
orbits. The hot orbit € is .05 below the maximwn and the cold € 
is .01 above the minimum. 
Both the warmest and coldest nodes occur in the 0 degree obit, 
the telescope receives no solar heating and the scan mirror is in 
the sun during the entire orbit with no SIC blackage. In the 68 
degree orbit the scan mirror and scan cavity are the coldest nodes 
- running at 12 C. 
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Ofl: Instrument Worst Case 
When the instrument is turned off, make-up heaters must 
be turned on to maintain a baseplate 'temperature of 14 C. Table 
v. indicates the temperatures expected with 22.84 watts of heater 
power. Heaters rated at 15.8 and 7.0 watts are mounted on the 
baseplate and scan moSor respectively. These hgaters will maintain 
the scan mirror at 11 C and the telescope at 16 C. 
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NODE NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
J.5 
J.6 
J.7 
18 
J.9 
20 
21 
22 
23 
24 
25 
26 
2:7 
2:8 
29 
30 
31 
32 
33 
NAME 
Power Converter 
+ -15V Regulator 
Relay Bd 1 & 2 & 3 
Patch Temp & TM 
Telel!letry #2 
Aux Scan Logic 
Scan Counter 
Motc)r Logic 
Black Body MUX 
IR Post Amp 
Daylight Post Amp 
Ramp Calibration 
Interface Logic #1 
Interface Logic #2 
Multiplexer 
AID Converter 
Pre-'Amplifer (vis) 
Scan Motor 
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Channel 1 Detector 
Channel 2 Detector 
Electronic Box, Anti-Sun 
Electronic Box, Sun 
Connector 
Harness 
EleGtronic Box - Vel 
Partition 1 
Part.ition 2 
Part.i tion 3 
Radiator 1 
Pre-·amplifier (IR) 
Eart.h Sl1ield, Specular 
Earth S~ield, Insul. 
Not Used 
34 Not Used 
35 Not Used 
MATERIAL 
Nickel 
P.C. Board 
P.C. Board 
P.C. Board 
P.C. Board 
P.C. Board 
P.C. Board 
P.C. Board 
P.C. Board 
P.C. Board 
P.C. Board 
P.C. Board 
P.C. Board 
P.C. Board 
" 
P.C. Aluminum 
Steel 
Beryllium 
Aluminum 
Aluminum 
Magnesium 
Magnesium 
Epoxy 
Teflon 
Magnesium 
Magnesium 
Magnesium 
J~agnesiurn 
l~agnesium 
l~agnesium 
Aluminum 
Mylar 
:?INISH 
None 
Soli thane 
Solithane 
Soli thane 
Soli thane 
Solithane 
Solithane 
Solithane 
Solithane 
solithane 
Soli thane 
Solithane 
Solithane 
Solithane 
" 
Black Paint 
Nickel 
Black Paint 
Alodine 
Alodine 
Dow 9 
Dow 9 
Dow 9 
Dow 9 
Dow 9 
Dow 9 
Dow 9 
Dow 9 
Dow 9 
Specula!:' 
Silver Teflon 
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TABLE I NODE IDENTIFICATION AND MATERIAL FOR THE AVhRR TIlERHAL :·1ODEL 
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NODE NO. NAME MATERIAL FINISH (C -- """., .. ,," 
36 Not Used 
37 Scan Motor Hsg Aluminum Alodine, Black P· ... int 
38 Radiat:or, Electronics Magnesium Silver Teflon 
39 Scan PS Magnesium Black Paint 
40 Scan Mirror Front Beryllium Aluminum 
41 Scan Mirror Rear Beryllium C-old 
4:2 Cavity, Sun Magnesium Black Paint 
43 Cavity, A-Sun Aluminum Black Paint 
44 Base Cavity Aluminum Black Paint 
45 Cal T.uget L Aluminum Black Paint 
46 Cal Target S Aluminum Black Paint 
47 Bulkhead, Tele Alu':tinum Black Paint 
48 Telescope Invar Black Paint 
49 Bulkhead, Center Aluminum Alodine 
50 Base, Telescope Aluminum Alodine, Black Paint 
51 Base, Optic Aluminum Alodine, Black P'3.int 
52 Cooler Housing Aluminum Gold 
53 Teles(:ope Optics Aluminum Alodine 
54 Channel 1 Relay Aluminum Alodine 
55 Channel 2 Relay Aluminum Alodine 
56 End, Optics Magnesium Dow 9 
57 Cover, Electronics Magnesium Dow 9, Black Paint 
:i8 L.W. Relay Aluminum Al:)dine 
S9 Insulation + Velocity Mylar None 
60 Insulation Anti-Sun Mylar Nnne 
61 Insulation - Velocity Mylar None 
62 Insulatj.on, Sun Mylar Uone 
63 Insulation, Nadir Mylar None 
64 Spacecraft 
TABLE 1 (Continued) 
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T 
Surface 
Silver Teflon (.005) 
3 M Black Velvet 
Black Honeyconm Target 
Gold Plate 
Aluminum Scan Mirror 
Kclpton-Aluminized (.003) 
-9-
Min 
.06 
.94 
.32 
.08 
.43 
a 
Max Min 
-
.12 .74 
- .98 .89 
.98 
-
.36 .04 
- .16 .04 
-
.47 .77 
Table II A Vcllues of Surface Finishes Used On 
External Surfaces 
E: 
Max 
- .78 
-
.93 
.99 
- .08 
- .05 
- .83 
8-10 
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Surface E 
3 M Black Velvet .91 
Black Amodize .85 
Alodine .85 
Nickel Plating .06 
D<eposited Aluminum .05 
Stainless Steel .17 
T<eflon .90 
Sc::>lithane 113 .82 
Table II B Value of Surface Finishes Used On 
Internal Surfaces 
8-11 
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l ·0 
.. 
Thermal 
Material 
Conductivity 
B/hr-in-Fo 
Aluminum 10.65 
Stainless Steel 
.572 
Invar .517 
Synthane G-IO .015 
Fused Silica 
.067 
BerylliUIn 7.04 
Copper 18.92 
, 
Magnesium 7.48 
Heat Conductive Epoxy .074 
Table III Thermal Conductivity Values For 
Materials Used in thE~ AVHRR Instrument 
8-12 
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TABLE IV NODAL TEHPERATURES FOR AVHRR/1 INSTRUMENT ON, 
15°C CONTROL POINT, NOMINAL SURFACE FINISHES 
.1 2 8 • 87 28 .52 28.2..L-
2 36.95 36.69 36.40 
3 24.90 24.59 24.29 
4 22.60 22.19 21.97 
-5 24 -36_24 •. 12_23.85_ 
b 26.63 26.45 26.17 
7 25.56 25.40 25.11 
8 26.85 26.68 26.40 
_9 23.03 22.80 22.55-
10 27.84 27.44 27.23 
11 31.27 31.04 30.79 
12 28.68 28.50 28.22 
13 25.90 2,5_13--25. /t4_ 
14 26.16 25.98 25.70 
15 27.02 26.80 26.55 
16 28.58 28.28 28.00 
L7 22. 73 22 • 06 . 2l .... qil-
18 20.66 15.08 23.31 
19 22.71 20.65 18.62 
20 22.65 20.60 18.58 
2.L-l.a...6.8 11....81-1.7 • .-13_ 
22 20.55 20.17 1~.q9 
23 22.52 23.16 22.60 
24 16.94 18.96 17.93 l5 22.60 22,35 22,Q~ 
26 21.27 20.75 20.58 
27 21.09 20.58 20.41 
28 20.70 20.15 20.00 
2~.a-32-.l1 .. 29 __ .17 .18 __ 
30 18.58 17.54 17.43 
31 18.01 16.95 16.18 
32 18.02 16.95 16.19 
13 1 8. 32 1 7. 29 I 1 .... 1B-
34 18.32 17.29 17.18 
35 18.33 17.30 17.16 
36 18.33 17.30 17.18 
37 20.1 3 1~..1a~22. .. 24_ 
38 18.22 17.91 17.41 
39 18.99 14.01 17.96 
40 25.86 14.98 57.30 
4.1 25,86 14...38 51.a..7_Z-
42 18.24 14.02 17.69 
43 17.53 13.25 17.11 
44 17.72 13.33 11.17 
45 17.6~.1.3....Jlb_lb.f~8_ 
46 18.05 13.14 17.38 
47 16.88 14.35 15.37 
48 28.75 21.04 10.79 
4.9 17.42 16. 45 ..1Q.~l6-
50 16.43 15.30 15.14 
51 16.20 15.73 15.62 
52 17.55 16.40 16.16 
5.3 2 0 .. 1t1-la...51--1b. 35_ 
54 21.04 18.93 16.84 
55 21.04 18.93 16.83 
56 17.73 16.91 16.11 §-A 26:~! U:11 +~r~ 
59 -13.38 -9.19 -66.86 
60 -99.11 -93.95 -102.51 
6.1. -= 5LJlb_ -..!:t.9......2.U.- :.6.a...DL ~ 
62 39.46 -21.43 34.44 
63 -58.92 -51.19 -88.07 
64 -269.44 -26~.44 -269.44 
.44 .26 .32 
LOWER RADIATING AREA L 37 ft. 2 
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TABLE V NODAL TEMPERATURES 
WORST CllSE HOT AND COLD 
HOT ()§BIT 
211 
N CENT. 
--1---28 ... .6_ 
2 36.7 
3 24.6 
4 22.3 
...5.- 24.0 
6 26.3 
7 25.2 
8 26.5 
~...2.2.J_ 
10 21.6 
11 31.0 
12 28.3 
U-- 2~.5 
14 2.8 
15 26.7 
16 28.1 
~...22..._~ 
18 22.2 
19 22 .. 8 
20 22.8 
21 18.5 
22 20.3 
23 22.0 
24 16.1 
~.22..&..1-
26 21.0 
27 20.8 
28 20.5 
~. 17.9 
30 16.8 
31 17.7 
32 17.7 
.13.._...lL.9_ 
34 17.9 
35 17.9 
36 17.9 
3..1..---2.1-.0-
38 18.0 
39 20.1 
40 29.8 
'U..- 29 8 
42 19.1 
43 18.4 
44 18.6 
45--.18.5 
46 18.9 
47 17.2 
48 30.3 
4.9..--. I 7. 3 
50 16.5 
51 16.1 
52 17.4 
53--.-20.-9.-
54 21.2 
55 21.2 
56 17.6 
'-1-. 6.1 
58 20.3 
59 3 .. 2 
60 -97.8 
61-.=.50.2_ 
62 48.1 
63 -52.5 
64 -269.4 
.45 
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FOR AVHRR/1 INSTRUMENT ON 15°C CONTROL POINT, 
AND INSTRUMENT OFF WITH HEATERS 
COLD ORBIT 
6So 
N CENL_ 
1 27.9 
2 36.1 
3 23.9 
4 21 .6 
5 23.6 
6 25.9 
1 24.9 
8 26..2.-
9 22.2 
10 26.9 
11 30.5 
l2... 28.0. 
13 25.2 
14 25.4 
15 26.2 
16 21.5 
17 21.5 
18 13.8 
19 19.1 
2Q 19.6 
21 17.1 
22 19.4 
2"3 23.1 
24 )~1-
25 21.6 
26 20.1; 
27 19.9 
28 19.4 
29 16.1 
30 15.1 
31 15.9 
.12. 1 'i....9 
33 16. 1 
34 16.1 
35 Ib.l 
36 I 6. J 
37 13.4 
38 17.2 
39 12.9 
40 12.5 
41 12.5 
42 13.0 
43 12.1 
44 12.3 
45 12.0 
46 12.1 
47 13.5 
48 19.2 
49 15.7 
50 14.7 
51 15.3 
52 15 .• tL-
53 17.6 
54 17.9 
55 17.9 
56 16.1 
57 14.7 
58 17.3 
59 3.4 
bO __ - 91 .. 5_' 
61 -46.4 
62 -11.2 
63 - 52.7 
64 -269.4 
= .16 
COLD ORBIT OFF WITH HEATERS 
68° 
N CENT. 
I 10.5 
2 10.2 
3 10.2 
4 11.1 5 10.7 
6 10.6 
1 10.6 
8 10.5 
9 )0.4 
10 11 • 1 
11 10.8 
12- 10.6 
13 10.6 
14 10.5 
15 10.5 
16 10.8 
17 )2.4 
18 12.5 
19 13.0 
20 13.0 
2-!-1 _--11.42 ... CL 
22 10.2 
23 9.1 
24 8.4 
25 10.6 
26 10.9 
21 10.9 
28 11.0 
29 11.:1_ 
30 10.9 
31 12.3 
32 12.3 
33 11.7 
34 11.7 
35 11.7 
36 11.7 
31 12.1-
38 9.0 
39 11.0 
40 11.3 
41 11 .3 
42 ll.2 
43 10.8 
44 11.1 
45 1.0 • .8_ 
46 10.9 
47 11.9 
48 16.4 
49 12.9 
50 14.6 
51 12.7 
52 13.1 
53 13~1_ 
54 13.1 
55 13.1 
56 ll.9 
57 6.0 
58 12.9 
59 2.2 
60 -91.6 
61 -41 . ...3_ 
62 -12.3 
63 -53.0 
64 -269.4 
E: = .15 8-14 
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To: 
From: 
Subject: 
R. H. Foote 
J. D. craWfor~~ 
AEROSPACE/OPTICAL 
DIVISION 
. .. 37(J{) E. Pontiac Street 
Fort Wayne, Ind. 46803 
(2T9) 423·9636· TWX 810-332·1413 
Date: May 6, 1976 
Revised: May 10, 1976 
Revised Answers to MDR Question 15 
Attached are Tables 1 and 2 which list the solar 
and earth inputs for the external nodes. Table 3 
lists the radiant outputs for the external nodes. 
These values have been updated to the thermal runs 
dated 4/7/76. 
lam 
Attachment 
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Node N8MINAL NOMINAL NOMINAL 
Number Description 0 ORBIT 280 ORBIT 680 ORBIT 
BTU/IIR BTU/lIR BTU/HR 
ER ERTH ALB ER ERTH ALB ER ERTH ALB 
37 Scan Motor Hous1ng • 0 2. 6 • 2 oj. b L:. 0 ":-g--'"--""----:r- -'-"2-:"6-- ---r:3 
38 Radiator Electronics .0 2.9 .2 11.3 2.9 1.1 14.8 2.9 1.6 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
59 
60 
61 
62 
63 
0:> 
I 
1-' 
0'\ 
Scan Power Supply 
.0 
Scan Mirror Front 61.4 
Scan Mirror Rear 61.4 
Cavity, Sun .0 
Cavity Anti-Sun .6 
Base Cavity .0 
Cal Target, Large .0 
Cal Target, Small .6 
Bulkhead, Telescope .0 
Telescope .0 
Insulation + Velocity .0 
Insulation Anti-Sun .0 
Insulation - Velocity .0 
Insulation, Sun 143.6 
Insulation, Nadir 
2.6 
7.2 
7.2 
.4 
.0 
.0 
5.3 
4.0 
2.2 
5.9 
8.8 
7.9 
12.9 
17.6 
28.9 
.3 
.5 
.6 
.1 
.0 
.0 
.4 
.3 
.2 
.4 
.7 
.0 
1.0 
4.1 
7.3 
3.5 
10.7 
10.7 
.0 
1.5 
.0 
3.6 
8.9 
3.1 
21. 2 
39.8 
0.0 
, " 
.L.U 
153.2 
36.5 
TABLE 1 
2.6 1.1 
7.2 1.9 
7.2 1.9 
.4 .1 
.0 .0 
0.0 .0 
5.3 1.5 
4.0 .8 
2.2 .6 
5.9 1.5 
8.8 1.4 
7.9 1.9 
12.9 3.4 
17.6 6.8 
29.0 26.1 
.3 
.1 
.1 
.0 
.2 
.0 
.1 
.0 
.0 
11. 2 
41.4 
.1 
.9 
34.3 
31.1 
SOL}\R AND EARTH INPUTS FOR TilE AVHRR/1 EXTERNAL NODES, NOMINAL 
SURFACES FINISlmS 
2.6 
7.2 
7.2 
.4 
.0 
.0 
5.3 
4.0 
2.2 
5.9 
8.8 
7.9 
12.9 
17.6 
29.0 
2.2 
3.1 
3.1 
.2 
.0 
.0 
2.6 
1.2 
1.1 
2.7 
4.5 
5 .. 1 
6J5 
101'0 
50~3 
. -----...----.- -,---~--
Node 
Number 
37 
38 
39 
40 
41 
42 
43 
44 
45 
:\t, 
,)7 
48 
59 
60 
61 
62 
63 
co 
I 
I-' 
-.J 
r--
WORST CASE CC WORST CASE !lOT 
680 ORBIT 280 ORBIT 
BTU/HR BTU/IIR 
Description ER ERTH ALB ER ERTH ALB 
Scan Hator !lousing .1 2.5 .9 3.3 2.7 1.0 
Radiator Electronics 14.4 2.8 1.5 11. 9 3.0 1.1 
Scan Power Supply .3 2.5 2.0 3.7 2.6 1.2 
Scan Mirror Front .1 7.0 2.5 11. 3 7.4 2.2 
Scan Mirror Rear .1 7.0 2.5 11. 3 7.4 2.2 
Cavity, Sun .0 .3 .1 .0 .4 .2 
Cavity Anti-Sun .2 .0 .0 1.6 .0 .0 
Base Cavity .0 .0 .0 .0 .0 .0 
Cal Target, Large .1 5.1 2.3 3.7 5.4 1.6 
Cal Target, Small .0 3.9 1.1 9.4 4.1 .8 
Bulkhead, Telescope .0 2.1 1.0 3.3 2.2 .6 
Telescope 10.7 5.8 2.4 22.2 6.1 1.7 
Insula~ion + Velocity 56.0 8.6 4.2 41.8 9.1 1.5 
Insulation Anti-Sun .1 7.7 4.8 .0 8.2 2.1 
Insulation - Velocity .9 12.5 6.1 1.1 13.3 3.6 
Insulation,·Sun 51.7 17.1 9.4 160.7 18.1 7.2 
Insulation, Nadir 29.7 28.1 47.0 38.3 29.8 27.8 
TABLE 2 
SOLAR AND EARTH INPUTS FOR THE AVHRR/l EXTERNAL NODES, HOT AND COLD CASES 
"~.·'4'" 
Node 
Number 
J7 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
44 \ 
50 \ 
51 
E: 
ex) 
I 
..... 
ex) 
Revised May 10, 1~ 
NOMINAL SUR. FINISHES 
1 >~: : 
.---
\,,~ WORST CASE ~.- OFF QROUT QROU'l' QROUT QROUT QROUT 22.8 WATT 
0° ORBIT 280 ORBIT 680 ORBIT nOT COLD HEATERS 
Description WATTS WATTS WATTS WATTS WATTS WATTS 
Scan Motor Housing 4.3 4.1 3.8 4.1 3.8 3.7 
Radiator Electronics 3.4 3.4 3.4 3.4 3.5 3.1 
Scan Power Supply 1.8 1.9 1.7 1.8 1.7 1.7 
Scan Mirror Front .5 .3 .3 .3 .3 
.3 
Scan MirrG~ Rear .9 .6 .5 .4 .6 
.6 
Cavity, Sun .5 .5 .5 .5 .5 
.5 
Cavity Anti-Sun .7 .7 .7 .7 .7 
.7 
Base Cavity 1.4 1.4 1.3 1.4 1.3 1.3 
Cal Target, Large 4.2 4.2 3.9 4.3 3.9 3.8 
Cal Target, Small 2.2 2.2 2.1 2.2 2.0 2.0 
Bulkhead, Telescope 3.3 3.3 3.2 3.2 3.2 3.1 
Telescope 3.7 4.7 4.2 4.6 4.2 4.0 
LO{JVERS 14.3 19.8 11.7 20.0 7.4 6.5 
.15 
EFFECTIVE £ OF LOUVERS .32 .44 .26 .45 .16 
TABLE 3 
RADIAHT OUTPUTS FOR THE AVIIRR/l EXTERNAL NODES, NOMINAL AND WORST CASES 
T: 
,,' 
t., ,: 
, ..... 
,:... .: 
J. ' 
: 
tL ... ··· ! 
'. f 
, 
~ I J : ,. 
-~ ~ ~ 
~ j: ~ .. ..,: 
Q 
... :.) 
- 11 ...... 
. ~
_~l:_ 
·i: I" 
;_-~ "n,l=) 
L..::-~ 
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9.0 TE3T A~D CALIBRATION DATA 
Summaries of the test·results for Instruments SNIOl, 
SNI02, SNI03 and SNl04 are given in the following pages. 
For detailed test results and calibration data, refer 
to: 
Alignment and Calibration Data Book, AVHRR/I-FMIOl 
Alignment and Calibration Data Book, AVHRR/I-FMlO2 
Alignment and Calibration Data Book, AVHRR/l-FMI03 
Alignment and Calibration Data Book, AVHRR/I-F~104 
9-1 
SUMMARY OF 
TEST RESULTS 
FOR SNIOI 
9-2 
FMIOI AVHRR TEST RESULTS 
nEM 
SIZE 
SPEC LEVELS 
MAX. 31" X 11" X 15" 
~~I: I GHT 60 LB. MAX 
ACCELERATION NO TEST ON FM 
POWER 27 WATTS 
VIBRATION SEE SPEC, 
PARA. 4,4,4,3 
ACOUSTICS 
JITTER 
:ENTER OF C 
G IRAVITY 
-
X 
Y 
Z 
-
NO TEST C~~ eM 
± 17 ~sEc/98% 
DOOR OPEN 
5,097 
15,26 
6.959 
MEASURED 
EXCLUDING THERMAL BLANKET 
29,94" X 9,75" X 14.06211 
59.094 LB. 
NA 
24.78 WATTS 
PASSED 3RD VIBRATION 
PROBLEMS COVERED BY MFR'S 
NA 
100% AT 150 BASEPLATE 
DOOR CLOSE 
5,187 
15,26 
7.047 
... 
9-3 
-, 
\. ARAMETER 
CHAN 1 & 2 SIGNAL 
STABILITY 
CHAN 1 & 2 SPECTRAL 
RESPONSE 
THERMAL. CHAN. 
i~E6T 
CHAN 3 & q 
SIGNAL STABILITY 
CHAN 3 & 4 
SPECTRAL RESPONSE 
SCAN JITTER 
SCAN LINEARITY 
FfnOl AYHRR TEST RESULTS 
SPECIFICATION 
± 100 rw 
OVER TEMP. RANGE 
IOoC TO 30°C 
SEE PARA. 3.4.2 
OF SPEC 
2. O.l2K 
@ 300K 
± 100MY 
OVER TEMP RANGE 
IOOC TO 30°C 
SEE PARA 3.4.2 
OF SPEC. 
98% \HTHIN ± 
17 SEC (1/2 IFOV) 
LINE TO LINE: ± 1/2 
IFOY (98%) 
MEASURED 
CHAN #1 = 77 
CHAN #2 = 118 
CHAN #1 ALL OKAY 
CHAN #2 OUT OF SPEC 
CHAN 3 .05<B,P.· 15°0 
CHAN 4 .06(B.P. 
CHAN 3 CH 4 
113 MV 42 MV 
CHAN 3 ALL OKAY 
CHAN 4 .~LL OKAY 
SCENE - 99% 
LINE - 98% 
< 1/2 IFOY 
15°0 
20 MINUTES; ± 1 IFOY < 1 IFOY 
(98%) 
PARM1ETER 
IFOV SIZE TO 50% 
POINTS 
CHANNEL 
REGISTPATION 
SYSTEM iWF 
S/~~ RAT! 0 
SOLAR CHANNELS 
FMI01 AVHRR TEST RESULTS 
SPECIFICATION 
1.3 t 0.2 MILLIRADIANS 
ALL CENTERS WITHIN 
0.10 MRAD 
30% AT LIMITING FREQ 
10.0 MVOLTS NOISE 
3/1 @ .5% ALBEDO 
r·1EASURED 
SCAN CROSS SCAN 
CH 1 1.32 CH 1 1.33 
CH 2 1. 32 CH 2 1.29 
CH 3 1.13 CH 3 1.31 
CH 4 1.24 CH 4 1.30 
INITIALLY ~ O. ,08 ~1RAO 
AFTER VIB ~ 0,;08 MRAD 
CH 1: 47% CH 3: 53% 
CH 2: 53% Cri 4: 5370 
CHAN 1: 1.98 MVOLTS 
CHAN 2: 2.90 MVOLTS 
9--5 
P/\RAr-iETER 
--
SIGNAL AMPLITUDE 
CH 1 & CH 2 
SIGNAL t\MPLI TUDE 
CH 3 & CH 4 
AVHRR TEST RESULTS 
SPECIFICATIOl'l r'1EASURED 
CH 1 
CH 1 = 5.012 ± .100 5.051 
CH 2 = 5.674 ± .100 
SPACE LOOK = ,25 ± .05 ,229 
320 ± 10K = 0,3 ± ,IV ,767 
SPACE LOOK = 6.2 ± ,05V 6,207 
CH 2 
5.671 
.236 
,762 
6,203 
9-6 
'-D 
I 
-J 
,~~. 
/,---
ITEt1 SPEC f1EASURED ____ I 
i ----,-------- ------------- -1 
COl1t1ArW OPERATI ON 
ANALOG Hl 
TURU OIl TRAtlSIENT (28v) 
ELECTROrl I CS 1.4A MAX. ~ 20 MA/~SEC 
j-10ToR 1.4A MAX. ~ 20 MA/~SEC 
COOLER HEAT 3.3A MAX. FOR 2 M.S. 
EARTH SHIELD 2 .1A I~AX. FOt{ 1 SEC 
COrmUCTED Rr PPLE (28v) I 
nOTOR - Low I 9 I~A P - P 
i10TOR - HIGH 9 tiA P - P 
ELECT. ~ ALL CHiS) 20 Hz 3% (27 t1A) 
FULL INST. ) 20 liz 1% (9 MA) 
SUSCEPTI B I LI TV .25 vpp TO 1. 5 KHZ 
.50 VP TO P TO 10 MHz 
CorWUCTED RIPPLE(+10V) 11 t1A t~P.X. 
CormucTED RIP PLE (+5V) 1 I~A HI,X. 
---------------- ---------
OPERATION AND DIGITAL TM 
LEVEL VERIFIED 
I IlSTRut~EtH STATUS MEASURED 
690 MA - 2.8 t1A/~SEC. 
680 MS - .33 MA/~SEC 
2.4A FOR 500 ~SEC 
1. 7 FOR .6 SEC 
7 t1A P - P 
G t1A P - P 
<20 Hz - 20 MA/>20 Hz - 2 MA 
--20 Hz - 20 t1A/>20 liz - 4 t1A 
HORST CASE 
.28V @ 1 I<HZ 
NOllE -. DISCERNIBLE 
IWNE - DISCERlnBLE 
\!l 
I 
co 
ITEt1 
OVER-VOLTAGE 
At1PLI F I ER ZERO I NG 
Ar1PLI F I ER 
LINEARITY 
RAt1P CAL RANGE 
SPEC 
')0\/ ... " -':0\/ .~Uy I U -'..JY 
CH 1 .250 ~ 0.050 
r ~ 2rn . n n5n LH L , JU ! U.U u 
CH 3 6.2 ~ 0.50 
CH 4 6.2 ±. 0.50 
~lEASURED 
+ , c:; V Rr.r.11I I\.Tr:n Vnl TA(:;Fc:;. 
..:... ... .." , " .... '-11 __ ", __ • __ •• • __ ~
VARY 3 MV - +5 V SUPPLY 
VARIES 46 MV. 
228.18 MV 
237.50 MV 
6201.36 MV 
6206.8 MV 
~ 6.25 MV (±DATA CONV.) I CH 1 - 4.0 MV MEASURE WITH 
CH 2 - 2.5 MV RAMP CAL AND 
CH 3 - 6.3 MV DATA CONVERTER 
CH 4 - 12.0 MV 
0,025 TO +6.475 CH 1 6502 SWING 
CH 2 6492 SWING 
CH 3 6552 SWING 
CH 4 6460 SWING 
ITEM SPEC MEASURED 
--l 
i l~r'iPLI F I ER DROOP ~Q'I (u: f=11I I- ~rfd 1= CH 1 13 MV • ."..,,"" '-"I , ___ ..... _. ~ __
(25 MV) CH 2 4 MV 
CH 3 .5 MV 
CH 4 1 tW 
TM DATA 
VERIFICATIO~ OF TM B!31 2.388 2.391 
IN DATA STREAM BB2 2.413 2.413 
BB3 2.392 2.393 
!3B4 2.415 2.422 
PATCH 
TEt1P 3.369 3.372 
TM DATA 
---
BB SAHP LE Tr1 CH 3 2.494 2.490 
CH 4 4.419 4.419 
1 2 3 4 
VOLTAGE CAL 3 EARTH SCE~E LEVELS CH 1 1. 856 3.481 5.106 5.916 
VERIFICATION 1 B.B. LEVEL CH 2 1.844 3.473 5.092 5.912 
DETECTOR DISABLED CH 3 1.256 2.898 4.537 0.442 
CH 4 1. 367 2.987 4.600 0.560 
VERIFIED DET. DIS. 
\.D 
1 
\.D 
Q 
W 
0::: 
~ 0 
C/) UJ 
<I: .... 
W u. 
:::::: 
-a:: 
UJ 
>-
,-
----
I 
u 
w UJ 
CL Z 
C/) 
.S2 
-
>-
a:: 
« 
..".... .... 
== CiJ ...J « 
1- .... U 
...... X cJ) 
=> 
c::::( 
-
0-10 
CALIBRATION EQUATIOi~S 
RADIATOH TEMP OK = 34,97 + 143,8 
PATCH POWER ~'W = 2V2 
PATCH TEMP Low 
RANGE OK = 5,14V + 91. 9 
PATCH TEMP Ex 
RANGE OK = 44,92V + 94.7 
13B#l H1 °c = ,0349V2 + 8,204V + 3,499 
BB#2 H1 °c = ,0349V2 + 8,204V + 3,499 
BB#3 Tr1 °c = ,0349V2 + 3,204V + 3,499 
BB#4 Hl °c = ,0349V2 + 8,204'1 + 3,499 
['lOTOR CURRENT ~'A = 60V 
ELECTRONICS CURRENT MA = 191V 
EARTH SHIELD 
POS ITI ON = «2V) CL (2-4)MID >D, OPEN 
ELECTRONICS TEMP °c = -5,82V + 39,9 
BASE PLATE TEMP o~ = -7,79/ + 34,8 \.. 
A TO D TEr~p O~ l- = -8,33V + 86,16 
MOTOR HOUSING TEMP °c = -7.75V + 34,8 
COOLER HOUSING TEMP °c = -7.75V + 34,8 
DETECTOR BIAS VOLTS = 4.33V 21,33 
BB IR CH3 °c = 58,15 - 14,51V - ,1383V2 
,1972V3 + ,Oll18V 4 
0B IR CH4 °c = 48,35 + ,4809V - 3,953V2 + 
1. 0396V 3 - ,l141V 4 
OFFSET VOLTAGE Tr1 = l,33V 
9-E 
Slf1'1ARY OF 
1EST RESULTS 
FOR SNI02 
9-12 
SIZE 
WEIGHT - INSTRUMENr 
THERMAL BLANKET 
VIBRATICN 
JI'l'TER 
EM 102 TESl' RESULTS 
MEASURED 
x y z 
9.72" x 30.19" x 14.12" 
58.95 lbs. 
ADD 17 oz. 
25 • 00 !'iATI'S 
MR E03426, MR E03427, MR E03428 
>98% 10-30° BASEPLATE 
CDJTER OF GRAVITY JXX)R OPEN JXX)R CLOSED 
------~--------~--~-------
x 4.643" 4.597" 
y 12.980" 12.980" 
z 1.360" 1.470" 
rn 1 & 2 SIGlAL STABILITY 10°C - 30°C BASEPLATF. 
rn 1 20 mv 
rn 2 169 mv 
rn 1 & 2 SPECTRAL RESPCNSE SEE DATA 
rn 3 & 4 SIGNAL SI'ABILITY 
rn 3 & 4 SPECTRAL RESPCNSE 
SCAN LINE NONLINEARITY 
IFOV CH1 
2 
3 
4 
4 CHM"NEL RffiISTRATICN 
/ 
01 3 = .038 Degrees Kel vi n @ 300K~ 
01 4 = .047 Degrees Kelvin @ 300K 
01 3 (10°-20°C) 108 mv 
01 4 (10°-20°C) 98 mv 
SEE DATA 
12.5 usee 
1.36mr (S) 1.36mr (XS) 
1.34 1.36 
1.36 loll 
1.21 1.19 
0.032 Milliradian 
9-13 
COOLER MARGIN 
SYSTEM r-m-
SOL\R CH NOISE (1Omv = 3:1 SiN 
e 0.5% Albedo) 
SIrnAL ]'>J<!PLI'IUDE 
CHl&CH2 
CH3&CH4 
CCM1AND OPERATICN 
ANA]:a:; 'IN 
TURN ON TRANSITh'TS 
CCNDL'CTED RIPPLE (28v) 
SUSCEPTIBILITY 
(InrlUt on lx.ss at which Channel 4 
shows e.'{cess noise.) 
CONDCCI'ED RIPPLE + 10V 
+ SV 
QVEH\.'OLTAGE 
(Internal supply change for a 
39'1 buss.) 
11.9K @ 1SC Baseplate 
CHI 
2 
3 
4 
48.4% 
47.5% 
50.0% 
57.1% 
0.243 mv CB 1 
45.5% 
47.0% 
46.0% 
57.3% 
0.483 ITl'J rn 2 
CH 1 5.038V (8U Albedo) 0.2 50V 
CH 2 5.650V (91% Albedo) 0.267V 
CH 3 0.300V (320K) 6.207V 
CH 4 0.300V (320K) 6.210V 
INSTRUMENI' RESPCNSE A'ID .JIGITAL 
TELEMETRY LEVTI.S \iERIFIrn. 
INSTRlJr-ImI' STATUS MEA.StJRrn, 
WLTAGES CORRESPCND TO INS'1'RU!>lENT 
CONDITION. 
E:LEX: CN 
M1'R ON 
COOLER HTR 
EARI'H SHIEW 
M1'R (I,) 
M1'R (H) 
EIEC AND ALL CBs 
FULL INSl'R. 
5. 7 oo/:;sec 
o • 37 OO/\.lsec 
2.75 anp;700usec 
1.25A/IO ms 
3 ll'd PIP 
5 00 PIP 
1100 
22 00 
OK CH 4 
>0.72V 
has 
@ 
9.7 mv Noise for 
15.3KH 
NCNE DISCERNIBLE 
None DISCERNIBLE 
Voltage. 
+15V 
:; 5V 
z 
Change 
o mv 
30 mv 
9-14 
.l\J~LIFIER ZEROING 
SYSTEM DATA GfA."JNEL LIm:.;RITY 
Sy;.ec = :t 12 • 5 mv 
RAMP CAL RANGE 
(3/4 - 1/4) Level Spec 
=3.25 + 50 mv 
AJ."1PLIFIER DRCOP 
VERIFlCATICN OF TN IN 
DATA STREAr-t 
PATCH 
BB SAHPLE 
VDLT.:l.GE CAL VERlFlCATICN 
all 
2 
3 
4 
all 
2 
3 
4 
1/4_ 
all 1.595 
2 1.619 
3 1.630 
4 1.609 
all 2mv 
2 lmv 
'I'M 
BB 1 L310 
2 1.358 
3 1.255 
4 1.314 
2.647 
3 2.383 
4 4.647 
1/4_ 1/2 
aI 1 1.862 3.487 
2 1.887 3.518 
3 1.368 2.982 
4 1.332 2.962 
(Internal BB 
0.250V 
0.267V 
6.207V 
6.211V 
7mv 
4mv 
8mv 
4mv 
1/2 3/4 (3/4 - 1.'41 
3.219 4.839 3.244 
3.244 4.870 3.251 
3.254 4.863 3.233 
3.241 4.?-38 3.259 
013 Omv 
4 3mv 
DATA 
I:306 
1.356 
1.256 
1.313 
2.649 
2.386 
4.656 
~ B.B. 
5.ll2 5.920 
5.143 5.956 
4.606 0.556 
4.587 0.525 
Level 'i) 
9-1 S 
AUX SCAN 
COBEREm' NOISE 
INSTRUMENT CALIBRATION 
VERIFIED 
NONE OBSERVED 
SEE DATA SHEETS 
9-16 
Hl 102 
L~LIBBIION E!JU~TIONS 
RAD IATOR TEf'1.P oK = 34.97V + 143.8 
PATCH ?OWER MW = 2V2 
PATCH TEMP Low 
RANGE OV = 5.16V + 91.25 
" PATCH TEMP Ex 
RANGE OK = 1.96V2 + 34.8V + 94.6 
BB#l T~l °c = .0349V2 + 8.204V + 3.499 
BB#!2 Ti1 °c = .0349V2 + 8.204V + 3.499 
BE#3 T~/l °c = .0349V2 + 8.204V + 3.499 
BB#4 TM °c = .0349V2 + 8.204V + 3.499 
(,10TOR CURR ENT tA.A = 60V 
ELECTRONICS CURRENT MA = 191'1 
EARTH SrlIELD 
POSITION = «2V) CL (2-4hlID >~ OPE~l 
ELECTRONICS TEMP °c = -5.82V + 39.9 
BASEPL.ATE TEl"P °c = -7.75V + 34.8 
A TO D TE,\'P °c = -8.33V T 86.16 
MOTOR HOUSING TEMP °c = -7.75V + 34.8 
COOLER HOUSING TEMP °c = -7.75V + 34.8 
DETECTOR BIAS VOLTS = 4.33V 21.33 
BE IR CH 3 °c = 58.15 - 14.51V - . 1383V2 
. 1972V3 + .01118V4 
BB I~ CH 4 °c = 48.35 + .4809V - 3.953V2 + 
1. 03~)6V3 - . 1141V:+ 
REFERENCE (OFFSET) 
VOLTAGE = 1.33'1 
9-17 
.,--
SUr~r1ARY OF 
TEST RESULTS 
FOR SNI03 
9-18 
r'M 103 TEST RESULTS 
ITEH 
SIZE 
\-lEIGH'r - INSTRUHENT 
TliERHAL BLANKET 
ACCELERATION 
POWER 
VIBRA,]~ION 
ACOUSTICS 
JITTER 
CENTER OF G&,\VITY 
Cli 1. So 2 SIGNt\L ST.l\BILlTY 
CII 1 So :: SPECTRAl. RESPONSE 
TlIERHAL CHANNEL NE~T 
cn 3 So 4 SIGNAL STABILITY 
Cli 3 :;. 4 SPECTRA.L RESPONSE 
SCAN LINEARITY 
IFOV 
CliANNEL REGIS'rRATION 
MEASURED 
y z 
9.72" x 30.19" x 14.12" 
y 
ClI 1 
ell 2 
58.75 1bs. 
ADD 17 oz. 
NA 
24.78 \-lA'l'TS 
OK; EXCEPT MR 3421 
NA 
DOOR OPEN DOOR CLOSED 
4.637 " 
12.921 " 
1. 303 It 
10°C - 30°C 
171 mv 
31-1l1\v 
SEE DATA 
4.549 " 
12.921 " 
1. 387 " 
change 
ell 3 :I .06 Degrees Cent. 
CII 4 = .04 Degrees Cent. 
Cll 3 
l 'n 4 
ell 1 
2 
J 
4 
(10Cl-20o C) 
(10°-20° C) 
51::E DATI\ 
20r-tIN 
1. J 1 mr (S) 
1. 25 
1. 32 
1. 24 
C1I3/C1I4 
SEE HR 3421 
80 nw 
100 mv 
1.31 mr (:-\5) 
1. 25 
1. 22 
1. 25 
0.108 mr. 
I 
9-19 
SYSTEM MTF 
SOLAR ClI NOISE 
SIGNAL ,\MPLITUDE 
CIl 1 So CII 2 
CIt 3 So cn 4 
COHI-L\ND OPERATION 
,\NALOG TM 
TURN ON TRANSIENTS 
CONDUCTED RIPPLE (2~v) 
~ XSCAN 
CII 1 -In 51% 
2 50% 50% 
3 46% 60% 
4 49'6 51% 
9.S mv Cli 1 7.3 nlV CII 2 
~CH 1 4.481v 0.237" ClI 2 5.644V 0.250v 
~CH 3 O.307v 6.158v CII 4 0.JS4v 6.206v 
INSTRUHENT RESPONSE AND DIGITAL 
TELENETRY LEVELS VERIFIED. 
INSTRUMENT STATUS MEASURED, 
VOLTAGES CORRESPOND TO INSTRU-
HENT CONDITION. 
ELEC ON 
HTR ON 
COOLER IlTR 
EARTII S1IIELD 
HTR (L) 
4.4 ma/;.asec 
0.55 mahlsec 
3.5 .lmp/600usec 
2a/l0 ms 
2 l1la PIP 
~\TR (H) ... 9 m;.l PIP 
ELEC ,\ND ALL Clls SEE DATA 
FULL INSTR. SEE DATA 
9-20 
SUSCEPTIBILITY 
CONDUCTED RIPPLE +10v 
+ Sv 
OVER VOLTAGE 
AMPLIFIER ZEROING 
AMPI.IFIER LINEARITY 
RAMP CAL RANGE 
OK CH 4 7.8 mv for 
> O.8v 10KHz 
NONE DISCERNIBLE 
NONE DISCERNIBLE 
±lSv 0 mv 
+ 5v 40 mv 
CH 1 0.232 v 
2 0.245 v 
3 6.210 v 
4 6.200 v 
CH 1 2.4 mv 
2 0.7 mv 
3 5.6 mv 
4 3.6 mv 
1/4 1/2 
1 1. 584v 3.224v 
2 1. 596 3.329 
3 1.609 3.227 
4 1.583 3.218 
/ 
3/4 
4.858v 
4.859 
4.865 
4.851 
9-?; -~ 
i 
\. ,.i 
AMPLIFIER DROOP CH 1 () CH 3 2 mv 
2 () 4 2 mv 
VERIFICATION OF TM IN 'I'M DATA 
DATA STREAM BB 1 1. 1260v 1.1234v 
2 1.1160 1.1140 
3 1. 2410 1. 2378 
4 1. 3060 1. 3062 
PATCH 2.788v 2.787v 
BB SMlPLE 3 2.519v 2.519v 
4 4.716 4.707 
VO:LTAGE CAL VERIFICATION 1 2 3 4 
CH 1 1.856 3.487 5.118 5.930 
2 1. 875 3.506 5.137 5.951 
3 1. 359 2.984 4.602 0.553 
4 1. 350 2.968 4.587 0.550 
{Internal BB h 
AUX SCAN VERIFIED AFTER BOARD CHANGE 
SEE MR 3399 
COHERENT NOISE NONE OBSERVED 
INSTRUMENT CALIBRATION SEE DATA SHEETS 
9-22 
PM 103 , 
"- Tr1 CALIBRATIOil EQUATIOilS 
RADIATOR TENP OK = 34.9lv' + 143.8 
PATCH POWER M\'l = 2y2 
PATCH TEHP LOI'l 
RANGi~ OK = 5-.135V + 93 • .5 
PATCH II:i-\P Ex 
RANGE. OK = 1'~9 \/2 
.... . + 34.68V + 96.6 
BB#l Hi °c = .0349V2 + 3.204V + 3.499 
BB#2 Ti'1 °c = .0349V2 + g.204V + 3,499 
BB#3 Hl °c = .0349V2 + 3.204'1 + 3,499 
BB#4 H1 °c = ,0349'1 2 + 8,204V 3 !log .... 
r'10TOR CURRENT MA = 6UI 
ELECTRONICS CURRENT I-I A = 191Y 
EARTH SH r ELD 
POSITION = «2'1) CL (2-4)('1ID >:l OPS,l 
ELECTRONICS IEi-IP °c -S,82V 
, 
+ 39.9 = 
BASE PLATE TE1-1p °c = -7.75'1 + 34.8 
A TO 0 TEi"P °c = -8,33V + 86.16 
MOTOR HOUSING TEMP °c = -7.75V + 34.8 
COOLER HOUSING TEHP °c = -7.75V + -{j 8 ;; .. 
DETECTOR BIAS VOLTS = 4,33V 21.33 
°c 
., 
BB IR CH3 = 53,15 .~ 14.51'1 - 1-3"""-. ) ), 
• ,1972y J + .01113YI, 
BB IR CH4 °c = 43,35 .4809Y - - c,..-,,/2 )."'))'. 
1. 0396\1 J - .1141'1'" 
REFERENCE (OFFSET) YOLTAGE = 1.33V 
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Sur~MARY OF 
TEST RESULTS 
FOR SNI04 
9-24 
ITEM 
Size 
Weight 
Power 
Center of Gravi~ 
\D 
I 
tv 
U1 
SPECIFICATION 
Max. x y 
II" 31" 
Max. 60 Ibs. 
Max. 27 watts 
N/A 
FMI04 TEST RESULTS 
z 
15" 
HEASURED 
x 
9.75" 
" 1 
30.31" 
z 
14.13" 
instrument = 58.81 Ibs. 
Thermal Blanket = 17 ozs. 
24.92 watts 
Door Open 
X 4.67" 
Y 12.95" 
Z 1.51" 
Door Closed 
4.59" 
12.95" 
1.60" 
I· 
<.0 
I 
tv 
C"I 
ITEM 
Spectral Response 
CII 1 & ClI 2 Signal 
Stabil i ty 
CII 3 & CII 4 Signal 
Stability 
Solar Channel Noise 
Thermal Channels NEAT 
FMl04 TEST RE~ .fS (cont'd) 
SPECIFICATION 
Para. 3.4.2 
+100 mV @ 100% albedo 
- ° ° from 10 to 30 base-
plate temperature 
CH 6 = ~ 600 mV @ ° 
32g k ~ 1 from 10 to 
21 baseplate 
CH ~ = ! 600 mV @ ° 
320 k + 1 from 10 to o -30 baseplate 
Min. 3:1 SIN @.5% albedo 
0.12° kelvin @ 3000 K scene 
MEASURED 
All 4 channels meet spectral response 
requirements. 
CII 1 
cn 2 
CII 3 
CH 4 
>10:1 
Cll 3 
CII 4 
60 mV 
= 99 mV 
17 3 mV (+91) 
-82 
8.3 ;,'g ffit:asured 
10-20 C 
17 mV extrapolated 
10-300 C 
0.0390 K 
0.0760 K 
~-. 
I.D 
I 
fj 
'.J 
Trf'r;>1J/ 
..L .&.&,.",." 
Vibration 
Scan Plane Alignment 
Channel Registration 
IFOV Size 
System MTF 
, ....... 
FMI04 TEST RESULTS (cont'd) 
SPECIFICATION 
Spec. Para. 4.4.4.3 
Max. 0.5 milliradian D 
prepost vib£ation 
All IFOV centers with-
in 0.1 mr diameter circle 
1.31 + 0.2 milliradian 
at 50% point 
Min. 30% at limiting 
frequency 
MEASURED 
All prepost vibration measurements within 
specification. 
MR. E03442 generated 
MR. E03443 generated 
Pre-Vib 
Nasir +0.76 
90 +2.96 
Post Vib 
+0.66 
+2.97 
Pre-Vib Post Vib 
0.066 mr. 0.0698 mr. 
Cll 1: 
Cll 2: 
CH 3: 
CH 4: 
cn 1 
ClI 2 
ClI 3 
Cll 4 = 
Scan X-Scan 
1.39 x 1.42 
1.36 x 1.37 
1.:2~ x 1.31 
1.17 x 1.18 
Scan X-Scan 
46% x 46% 
47% x 48% 
54% x 47% 
55% x 55% 
t:,. 
0.10 mr. 
0.01 mr. 
<D 
I 
r) 
ITEM 
Cooler Margin 
Signal Amplitude 
CII 1 & CH 2 
Signal Amplitude 
Cll 3 & CII 4 
Amplifier Zeroing 
Voltage Cal Levels 
FM104 TEST RESULTS (cont'd) 
SPECIFICATION 
No higher than 99.SoK 
at nominal orbit 
6.1 + .10V @ 100% albedo 
CH 1 12 bulbs 81.4% S.012V 
CH 2 6 bulbs = 92.7% = 5.673V 
0.300 + .10V @ 320 + 10 K 
- -
CH 1 & CH 2 0.250 + .OSV 
CH 3 & CH 4 6.200 +" .OSV 
3 earth scenes, 1 BB level 
MEASURED 
93 0 K 
Based on 36mW 
control @ J.OSoK 
CH 1 5.011V 
CH 2 = 5.71BV 
CII 3 
ClI 4 
0.435V @ 3200 K 
0.396v @ 320 0 K 
CH 1 
CH 2 
CH 3 
CH 4 
CH 1 
CH 2 
ClI 3 
Cll 4 
0.226V 
0.250V 
6.196V 
6.196V 
1 
1.844 
1. 869 
1. 300 
1. 350 
2 
3.463 
3.500 
2.929 
2.969 
\ 
I 
3 4 
5.088 5.894 
5.125 5.932 
4.562 0.495 
4.588 0.546 
.~ 
ITEM 
Ramp Cal Range 
AmI>! if i(~r I.inear i ty 
Verification of TM 
in Data Stream 
BB Sample TM 
\D 
I 
tv 
\0 
".-
FM104 TEST RESULTS (cont'd) 
SPECIFICATION MEASURED 
Nominal - 0.025 to 6.475V 1/4 1/2 3/4 3/4-1/4 
(6.5V swing) CH 1 1. 567 3.193 4.814 3.247 
CH 2 1. 594 3.224 4.849 3.256 
Cli 3 1.597 3.223 4.850 3.253 
CII 4 1. 603 3.233 4.857 3.254 
+ 12.5mV max. CH 1 - 4mV 
ClI 2 - 6mV 
ClI 3 - 6mV 
CH 4 - 4mV 
Includes ramp source and data converter. 
Tl-1 Data 6. 
+ 12.5mV 6. BB1 3.555V 3.556V 1mV 
BB2 3.586V 3.588V 2mV 
BB3 3.525V 3.525V 0 
BB4 3.552V 3.554V 2mV 
Patch Temp. 2.507V 2.496V llmV 
+ 12.5mV A TM Data A 
CH 3 - 2.787 2.784 3mV 
CII 4 5.051 5.051 0 
ITEM 
Command Verification 
Analog Telemetry 
Over Voltage 
IU 
I 
w 
C> 
FMI04 TEST RESULTS (cont'd) 
SPECIFICATION 
N/A 
N/A 
Spec. Para. 3.2.2.3.1 
MEASURED 
All command operations and digital TIM 
levels verified. 
All analog T/M points correspond to 
instrument status. 
Proper operation of instrument verified at 
bus-voltages from 26 to 39V . 
. -) " 
.. ',;. 
FMI04 TEST RESULTS (cont'd) 
ITEM SPECIFICATION 
'{'urn On 'l'ransients 
Electronics 
Motor 
Cooler Heat 
Earth Shield 
Conducted Ripple 
Motor Low 
Motor High 
Elec. & All Channels 
Full Instrument 
+lOV 
+SV 
SlIsccJ2tibil iLy 
~ 
I 
\..oJ 
t-' 
1.4A maz @ 20mA/l1sec 
1.4A max @ 20mA/l1 s ec 
3.3A max 2ms duration 
2.1A max 1 
<20Hz 
27mA max 
2mA max 
ImA max 
sec duration 
>20Hz 
---
9mA max 
0.2SV p-p to 1.SkHz 
O.SOV p-p to 10MHz 
MEASURED 
Max Rate 
610mA 3mA/l1 sec 
S70mA . 38mA/l1sec 
2.6A 90011sec 
1.7SA .82 sec 
<20Hz >20Hz 
---
<lSmA <SmA 
..-:lSmA <SmA 
<20mA <SmA 
<20mA <SmA 
<lmA 
<.5mA 
worst case = 
800mV @ ll-lSklIz 
l.r~-
ITEM 
Scanner Jitter 
Scanner Long Term 
Drift 
Coherent Noise 
~ 
I 
w 
N 
FMI04 TEST RESULTS (cont'd) 
SPECIFICATION 
98% within ~~ IFOV for 20 min. 
~ ~~ IFOV for 20 min. 
Spec. Para. 4.2.7.2 
MEASURED 
>98% for all baseplate temp. 
o 
None Observed 
,. 
FM 104 
C8LIBB8IIQ~ EQU8IIQ~S 
RADIATOR TEMP OK = 34.97V + 143.8 
PATCH POWER MW = 2V2 
PATCH TEMP Low 
RANGE OK = .033V2 + 4.98V + 91.9 
PATCH TEMP Ex 
RANGE OK 1. 97V2 + 34.87V + 94.6 = 
BB#l TM °c = .0349V2 + 8.204V + 3.499 
BB#2 TM °c = .0349V2 + 8.204V + 3.499 
RB#3; TM °c = .0349V2 + 8.204V + 3.499 
BB#~, H1 °c = .0349V2 + 8.304V + 3.499 
MOTOH CURRENT MA = 60V 
ELECTRONICS CURRENT MA = 191V 
EARTH SHIELD 
POS ITION = «2V) CL (2-4)MID >[1 OPEN 
ELECTRONICS TEMP °c .- ··5.82V + 39.9 
BASEPLATE TEMP °c = -7.75V + 34.8 
A TO D TEMP °c = -8.33V + 86.16 
MOTOH HOUSING TEMP Or -- -7.75V + 34.8 
" COOLER HOUSING TEMP °c = -7.75V + 34.8 
DETECTOR BIAS VOLTS = 4.33V 21.33 
BB IR CH 3 °c 58.15 14.51V . 1383V2 -= - -
.1972V3 + .01118V4 
BB IR CH 4 °c = 48.35 + . 4809V - 3.953V2 + 
1. 0396V 3 - .1141V4 
REFERENCE (OFFSET) 
VOLTAGE = 1.33V 
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10.0 LIST OF DESIGN INFORMATION REPORTS 
Design Information Reports written on this program 
are li:;ted below. 
OIR it 
I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
ll. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
2l. 
.,.., 
..... 
23. 
24. 
Subject 
AVHRR Sensitivity - Harber/Koczor 
AVHRR Collimator - Oiffration Effects - R. Koczor 
Effects of Optical Surface Errors on Diffraction 
Limited MTF - R. Annable 
Approach to the Optical AlignmEmt and Ch:mnel 
Registration of the AVHRR - R. Annable 
The Effect of Detectors on the Instrument 
Spectral Response, Part 1, Channels 3 & 4 - R. Koczor 
Theoretical Design to Meet the Polarization Requirements 
in Channels 1 and 2 - R. Annable 
Polarization Design and Analysis Based on 
OCLl Measured Data - R. Annble 
Using "Standard" Silicon Detectors for Channels 
1 and 2 - R. Koczor 
Effect of Scan Mirror Power on Diffraction 
Limited MTF - R. Annable 
Visible In-Flight Calibration - R. Kaczor 
Orientation of the Visible Calibration D.R.T. -
R. Kaczor 
Solar Channel Spectral Characteristics, Part 1 -
R. Kaczor 
Solar Channel Sensitivity - R. Koczor 
The Absence of Coma in an Afocal Pair of Confocal, 
Coaxial Parabolic Mirrors - R. Annable 
Heating of the Radiator Window for Contamination 
Protection - R. Annable 
AVHRR Test Collimator Design - R. Koczor 
The Effect of Collimator Aberrations on the Di!fraction 
Limited MTF - R. Annable 
Worst Case Honeycomb Temperature Gradient in t~e 
In-Flight Thermal Calibration Target - R. Annable 
Cool Down and Decontamination 'rimes for the 
Radiant Cooler - R. Annable 
Scanner Jitter, Linearity, and Alignment Tests -
R. Koczor 
Optimization of IFOV Size and Shape, Pre-Sampling 
Filter, and Sample Rate - R. Foote 
Thermal Math Model Analysis - Crawford/Wright 
Thermal Math Model Analysis, OFF Instrument -
Crawford/Wright 
Measurement of Low Emissivity - R. Koczor 
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DIR # 
f 25. 
" 
26. 
27. 
28. 
29. 
30. 
31-
/ 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
40. 
42. 
43. 
44. 
Subject 
AVHRR Scan Motor Lubricant Evuluation.and 
Selection - J. Stark 
AVHRR TM Calibration - N. Franklin 
MSM Vibration Test - J. Stark 
BBM Acceptance Test Results - Owens/Koczor 
Completion of Thermal Math Model - J. Crawford 
MSM Vibration #2 - J. Stark 
Effect of Loss of Radiant Cooler Temperature 
Regulation - R. Harber 
Ivorst Case Analysis - L. RoffE!lsen 
AVHRR MSM Vibration #3 - J. Stark 
Spectral Response Measurements on AVHRR ETM -
R. Harber 
Pinning of Critical Parts - C. Soest 
Cooler Door Momentum - C. Soest 
Scattered Light Test Results ()f AVHRR BBM -
R. Koczor 
Final Thermal Model Analysis - J. Crawford 
LTM Final Report - C. Soest 
AVHRR Data Amplifier Signal Droop - H. Kalina 
Channel 4 Coherent Noise in AVHRR PFM - R. Foote 
AVHRR Scanner Long Term Drift Measurement-Larry Howell 
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